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ADVERTISEMENT. 


The Committee appointed by the Royal Society to direct the publication of the 
Philosophical Transactions, take thi.s opportunity to acquaint the Public, that it fully 
appears, as well from the C'ouncil-books and Journals of the Society, as from repeated 
d(^claration‘< which have been made in several former Transactions, that the printing of 
tliem was always, from time to time, the .single act of the respective Secretaries till the 
Foity-se%enth Volume; the Society, as a Body, ne^er interesting themselves any furtln-r 
in tlunr publication, than by occasionally recommending the re%ival of them to some of 
their SecK'taries. when, from the particular circumstances of their affairs, the Transactions 
had liappened for any length of time to be intermitted. And this seem> principalh to 
ha^e been done witli a view to sati.sfy the Public, that their usual meetings -v^ere then 
continued, for tht im])rovt'm{‘nt of knowh'dge. and benefit of manlvind. the great mids 
of their first institution by the Koval Charters, and which they ha\e ever since steadih 
pursued. 

But tlie Society lieing of late years greatly t nlarged, and their communications more 
nuimrous, it was thought ad\isable that a Committee of their members should be 
a})pointed. to reconsider the jiaper.s read before them, and select out of them such as 
they should judge most proper for publication in the future Transnctio/ts ; whieli was 
according!}- done' upon the ‘dbth of ISIarch 1752. And the grounds of theii choic’c are. and 
will continue to be. the importance and singularity of the subjects, or tlic' advantageous 
manner of treating them ; without jiretending to answer for tlie certaint} of the facts, 
or propriety of the reasonings, contained in the scweral pajiers so published, which must 
still rest on the crcalit or judgement of their respective authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to wiiich they will always adhere, never to give their opinion, as a Body, 
upon any subject, either of Nature or Art, that conics before them. And therefore the 

a2 
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thanks, which are frequently proposed from the Chair, to be given to the authors of 
sucli papers as are read at their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light than as a matter of 
cmlity, in return for the respect shown to the Society by those communications. The 
like also is to be said with regard to the several projects, inventions, and curiosities of 
various kinds, which are often exhibited to the Society ; tlie authors whereof, or those 
who exhibit them, frequently take the liberty to report and even to certify in the public 
newspapers, that they have met with the highest applause and a})probation. And 
therefore it is hoped that no regard null hereafter be })aid to such reports and public 
notices ; which in some instances have been too lightly ci edited, to the dishonour of the 
Society. 

The Meteorological Journal hitherto kept by the Assistant Secretary at tlic Apart- 
ments of the lioyal Society, by order of the President and Council, and ])uhli slu'd in 
the Philosophical Transactions, has been discontinued. The Government, on tlu' n'com- 
inendation of the President and Council, has established at the lloyal Obseiuatory at 
Greennich, under the superintendence of the Astronomer Koval, a IVIagnetit'al and 
Meteorological Obscrvatoiy, where observations are made on an extended >c'ale. which 
are regularly published. These, which correspond with the grand scheme of ohsei\ati(ms 
now carryung out in different parts of the globe, su])ersede the necessity of a continuance' 
of the observations made at the A]>artments of the Koval Society, which could not be 
rendered so perfect as w'as desirable, on account of the imperfections of the locality and 
the multiplied duties of the observer. 
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PHILOSOPHICAL TEANSACTIONS. 


I. Discussion of Tide Ohservafions at Bristol. By T. G. Buxt, BnstoL 
Communicated hy the Astronomer Boyal. 


lieceivod October 24, — Read December (>, 180G. 


This paper contains th(‘ result of an attempt to discovei- empirically the Laws of the 
Diurnal Inequality of the Times and Heights, and of the Solar Inequality of the Times 
of ITigli Water at the Port of Bristol. 

The observations employed in this discussion arc those that have been taken by the 
Bristol Self-registering Tide-Gauge, which has been kept steadily at w ork, with a few’ 
occasional interruptions, from the period of its erection in 1SS7 to the present time. 
This instrument consists essentially of a Clock, a Cylinder, a Float, and a Pencil, by 
means of wdiich every tide marks a curve on a sheet of paper, from which the time and 
ht'iglit of high w’ater arc ascertained. Its details are described, and an engraving of 
it given, both in the Philosophical Transactions for 1838, Part II., p. 249, and in the 
Article ‘‘Tides and IVaves” in the Encyclopaedia Metropolitana, WTitten by the present 
Astronomer Hoyal. 

During the far greatcT part of these twenty-nine years, the Tide-Gauge has been at 
work under my own continual inspection ; and it may be important to remark that the 
clock has, from the commencement, been carefully adjusted to Bristol mean time by 
transit obserrations : viz. during the first fourteen years by comparison with the Transit 
Clock of Messrs. IMustox and Gath, chronometer makers in this city, besides frequent 
sextant altitudes of the sun taken by myself, and for the last fifteen years by a transit 
instrument in my own house. 

Soon after the Meeting in 1830 of the British Association in Bristol, I was employed 
under its auspices, in assisting the late Dr. Wiiewell in his discussions of the Bristol 
lides ; the results of wdiich appeared in a succession of papers in the Philosophical 
Transactions, extending from 1837 to 1840. 

The Diunial Inequality of the Tides was that branch of the subject to which Dr. Wiie- 
well’s attention w'as specially directed. In explanation of this term, if any such be 
necessary, it may be stated briefly that successive tides do not increase or decrease by a 
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regular progression, but are alternately higher and lower than such a progression would 
require. The intervals also between the times of high water and the preceding lunar* 
transit to which they are refeiTed, are found to be alternately longer and shorter, so as 
to present a similar irregularity. 

The Diumal Inequality of Height in the Tides of Bristol, though of no great magni- 
tude, averaging only 2J inches up and down, is at once apparent on the most cursory 
examination; the inequality of time is not quite so easily detected. It was indeed 
stated by Sir JoHX Lubbock so lately as in 1839, in his ‘ Elementary Treatise on the 
Tides,’ p. 39, that “the diurnal inequality in the interval is inappreciable on our 
coasts and again, at p. 40, “ the diurnal inequality in the time of high water on our 
coasts is too minute to be detached from the inevitable errors of observation.” 

There wall, I apprehend, bo little difficulty in showing tliat this remark of Sir JoHX 
Lubbock’s is not applicable to the port of Bristol. For although the diurnal inequality 
in the times of high water is not large, its average magnitude, on comparing two succes- 
sive intervals, being little more than four minutes bt'tweeu both, or two minutes for the 
single inequality in each, yet it is almost always perceptible in the Tide-Gauge Obser- 
vations in tolerably calm vreather. In the accompanying Plates of six months’ observa- 
tions in 1SG5, the diurnal inequality of both timcb and heights is everywhere apparent. 

At Dr. Whe well’s lequest, I bestowed much time and labour from the first, in 
endeavouring to trace out the laws of both these inequalities, and es])ecialh that of the 
times, but for several years with but little success, chieliy for want of a greater number 
of observations. After several modes of arrangement wliicli Dr. Win: well suggested 
had been tried, he at length arrived at the conclusion that, in ordcj* to succeed, we must 
divide our observations, first into twenty-four grou])s for th(‘ twenty-four half months, 
and then each of these into twenty-four smaller groups for the twenty-four hours of 
lunar transit. It thus became evident that little progress could be made in this investi- 
gation, until a large mass of observations had been accumulated. 

These being now obtained, I have again taken the subject in hand, and embodied the 
results in the accompanying Plates. For the Inequality of the Times I have taken 
nearly the whole of the observations. The anterior epoch employed throughout is that 
of the third preceding lunar transit, averaging an inteiwal of about forty-four hours. 
The time of eveiy* high water had been already calc.ulated (for my annual tide table) by 
adding to the time of moon's transit the corresponding semimenstrual interval, with the 
corrections for lunar and solar parallax and declination. From this computed time, the 
observed time of high water had been subtracted, and the residue, or error, with its 
proper sign, recorded; being supposed to consist mainly of the uncorrected diumal 
inequality. The amount of the inequality was taken thus. Let a be the error of a 
time of high water computed from a south transit of the moon, and ^ the preceding 
and following error, then will be =4 times the inequality of the high 

water which has the error a. The quadruple inequality of every south transit observa- 
tion was thus taken, and inserted in its proper group. The (24 X 24=)576 groups thus 
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formed being completed were then cast up, averaged, and divided by 4 : the quotients 
were the terms out of which the fig 1, Plate I. was constructed. ^ 

Fig. 2, the diurnal inequality of height, was obtained in a precisely similar manner, 
except that only about fourteen years’ observations w’ere employed in its construction. 

The tide to which both these figures refer, is that which follows the south transit 
at an interval of about forty-four hours. In each figure the tw'enty-four vertical lines 
represent the twenty-four hours of this south transit, apparent time. The twenty -four 
horizontal lines represent the half months, and are the axes from w^hich the curves are 
measured, upwards and downwards, the scale being of an inch to a minute of time 
in fig. 1, and of an inch to an inch of height in fig. 2. When the curve is above the 
axis, it indicat('s in fig. 1 that the time is later, in consequence of the inequality ; and 
in fig. 2 that the ht'iglit is greater than it would have otherwise been, and vice versa. 
The distances between these horizontal lines, or axes, are arbitrary, being merely a 
matter of convenience. 

Ilotli these sets of curves were laid down exactly according to the averages of the 
groups, without any arbitrary alteration whatever. In forming the groiqjs, a very few 
enormous re'sidues, t'^fidently the effects of storms, or other accidental causes, were 
excluded. Their number was. I believe, much less than 1 per cent. Of a still less 
number of residues, one half of their amount only was taken, instead of the whole. 

NMy next attempt was to im])rovi' the solar inequality correction, or that which is due 
to thf‘ variation^ of the solar parallax and declination. This was a more laborious affair, 
1 ‘oquiring the recalculation of tlu' 1 0.000 observed times of high water, in order that 
the same formuhe,, or curves of lunar correction might be employed throughout. The 
residues found aft(n’ these new c-alculations were arranged, as those for the diurnal 
im^quality had been, for each half month, and each of the twenty-four hours of tramit ; 
as 1 wanted to st'e whether anything would be gained by keeping the observations taken 
during the first half lunation sc'parate fiom tho«e taken during the second. I have 
never made this s('paration in an-angemeiits for finding or improving any of the lunar 
cuives, nor (wer until now in those for the solar inequality; nor am I aware that it 
has ever been done by any otlnu person. These results are contained in Plate II. fig. 3. 

For the purpose of more easily comparing together these two portions of the curves, 
I have dotted in a copy of the curves lying betwmen the hours 12^‘ 54“" and 54*" upon 
those of the first twelve hours of transit. The difference in many places is considerable, 
and etideutly systematic. 

The circumstance which caused the average of each grouj) to fall on the fifty-fourth 
minute of the hour, was, that the residues were not posted singly, but in pairs, the eiTor 
of the term computed fioni a south transit of the moon being in every case combined 
with the following one. 

In order to separate, at least approximately, the effects of the solar parallax and decli- 
nation from each other, the following method was adopted. The curves of June 8th 
and June 23rd w ei’c combined in one pair*, and those of December the 8th and 23rd in 
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another. Their mean parallaxes and declinations, according to the Xautical Almanac 

for 1866, became as follow^s: — 



O’s Dccl. 

O’s H. Par. 

June 8 . . 

. 22 51 

8*45 

June 23 . . 

. 23 26 

8*44 

^lean . 

. 23 8 

8*445 

Dec. 8 . . 

. 22 44 

8*71 

Dec. 23 . . 

. 23 27 

8*72 

Mean . 

. 23 5 

8*715 

Here w'e have a difference of 0"'27 

of parallax, 

with only 0° 3' of declination. 

From these pairs of curves are obtained the solar parallax curves in Plate' II. fig. 4. 

In like manner, by combining eight curves in tw 

0 sets of four curves in each, we obtain 

the following means : — 

O'f. Bed. 

O’s H. Pur, 

March 23 . 

. 1 34 

8*60 

April 8 . 

. 7 14 

8*56 

Sept. 23 . 

. 0 5 

8*555 

Oct. 8 . 

. 5 54 

8*59 

Mean (from squares of the declinations) 4 40 

8*576 

Jime 8 . . 

. 22 51 

8*45 

June 23 . . 

. 23 26 

8*44 

Dec. 8 . . 

, 22 44 

8*71 

Dec. 23 . 

. 23 27 

8*72 

Mean . 

. 23 7 

8*58 


Sere the mean declinations are 4^ 40', 23'' 7'; while the parallaxes differ only 0"-004. 

These give the solar declination curves in Plate II. fig. 5. 

During the remarkably fine weather of the summer of 1805, I found the curves 
drawn by the pencil of the tide-gauge on the sheet of paper wrapped round the cylinder, 
more symmetrical and regular, and the agreement of the registered times of high water 
with those predicted in my tide-table closer than I had ever known them before. The 
mean eiTor of the predicted times (found, not algebraically, by taking the balance of 
those + and those — , but by adding all the magnitudes together, regardless of signs) 
was from the 10th of April to the 24th of October only 2| minutes ; and during about 
six weeks, namely, from the 17th of August to the 27th of September, it was less than 
1*9 minute per tide. 

The diagram Xo. 4 show^s the whole of these six months’ times and heights of high 
wnter, both as predicted and registered ; and is interesting chiefly because it so clearly 
exhibits the two Diurnal Inequalities. Xo one who looks at it can fail to detect, in an 
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instant, tlie existence of them both; and the one is as manifest as’ the other. The 
agreement everywhere seen between the computed and obser\'ed Diurnal Inequalities, 
the laws of which it has cost me so much labour to attain, has, I confess, afforded me 
no small gratification. 

Accompanying this diagram, I have enclosed a sheet taken from the Cylinder of the 
Tide-Gauge, containing the original markings of the pencil, on which an ink line has 
been very carefully drawn. It registered some of the tides of the remarkably tranquil 
period which has been already referred to, and is sent as a specimen of the great regu- 
larity which the curves sometimes exhibit*. 


Postscript. 


I’.cceived October 1:7, 1 


Ikd'omefrl c InefiuaVi ty. 

In a letter of mine inserted in the llcport of the British Association in 1841, I stated 
that from a comparison of three or four years' computed and observed Heights of High 
IVattu’ at Bristol, I had found that a fall of 1 inch in the mercurial column was accom- 
panied by an average rise of about lol inches of tide. I have since obtained for fourteen 
additional years the following proportions of tide and mercury : — 


1841. 

Tide. 

in. 

. . . 13*0 

1842. 

. . . 11*4 

1843 . 

. . . 13*2 

1844. 

. . . 11*4 

1845. 

. . . 10*0 

1840. 

. . . 14*7 

1847. 

. . . 160 

1848. 

. . . 13*7 

1840. 

. . . 10*0 

1850. 

... 0*5 

1851. 

. . . 11*0 

1852. 

. . . 11*7 

1853. 

. . . 12*0 

1854 . 

. . . 12*0 


>to 1 inch of mercury. 


11)170*2 


Alcan . . 12*157 inches of tide to 1 inch of mercurv. 


The mean of all the twenty-one years I have thus examined, viz. 1834 to 1854. is 
12*772 inches of tide to 1 inch of mercury. 

It has not been tlcomed iiecessaTy to give a Plate of thi? Tide-Gauge Sheet, or of Diagram No. 4. Tlie 
latter is, however, presenxd in the Archives of the Society, accompanied by a dot.iiled explanatimi. 
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* POSTSCEIPT. 

On comparing, infer se, the cuiTes of the diurnal inequality of time, a yety close 
resemblance is found between those which differ 6 months in respect of date, and 12 
hours in respect of transit. For example, the cuiwe for April 28th, 0^, G’*, 18^‘, 0^ 

is almost identical with that of October 28th, 12^*, 18®', O'*, 6'*, 12''. 

The curves of the diurnal inequality of height present a good deal of the same resem- 
blance . — AiniJ 1867. 
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TI. A Sup]}lemenkiry Memoir on Caustics. By A. Cayley, F.B.S. 


Hfceivcd IlsoTemher lo , — Read November 22, 186G. 


It is near the ctmclusion of my Memoir on Caustics,” Philosophical Transactions, 
voi. cxlvii. (1857), pp. 273-312, remarked that for t^e case of parallel rays refracted at 
a circle, the ordinary construction for the secondary caustic cannot be made use of (tin* 
entire curve would in fact pass off to an infinite distance), and that the simplest course 
is to measure off the distance GQ from a line through the centre of the refracting circle 
perpendicular to the direction of the incident rays. The particular secondary caustic, 
or oithogonal trajectory of the refracted rays, obtained on th^- above supposition was 
shown to be a cunt; of the order 8 ; and it was further shown (by consideration of the 
case wherein tin* distance GQ is measured t.if from an arbitrary line perpendicular to 
tile incident rays) that the general secondary caustic or orthogonal trajectory of the 
refraett'd rays was a curve of tlic same order 8. The last-mentioned curve in the case 
of reflexion, or for a<=— -1. degcnerntes into a curve of the order 0; and I propose in 
the }ire''^nr supplementary mi'inoir to discuss this sextic curve, 'viz. thc'sextic curve 
which is the general secondary caustic oi orthogonal trajectory of parallel rays reflected 
at a circle. 

1. For parallel rajs refracted at a ciicle. taking tin* equation of the circle to be 

and the incident rays to be parallel to the axis of at then if a*=//d be an arbi- 
trary line perpendicular to the direction of the incident rays., the secondary caustic is the 
envelope of the circle. 

[ (a- - a )• -F (// - /3)- } — (.r — ni)' = 0, 

where (a, /3) are the coordinate^ of a variable point on the refracting circle, and as such 
satisfy the equation Or, what is the same thing, writing cc= cos 0, /3= sin 

the secondary caustic is the envelope of the circle 

cos0)--\-{y— sin ^)-} — -(.r— -mV-=U, 
where ^ is a variable parameter, 

2. The equation may be written 

Acos2il-f-Bsm2^-j-Ccostld-Dsin^ -FE=0, 

where 

A = l, 


B=0, 

0 = 4 ^ 2 ^— 4 ?», 

E = — 2p/(a“ -f^®) — - 2jL6®-|- 1 + 
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and which in the case of reflexion, or for /x=: — 1, become 
A=l, 

B=0, 

C=4^— 4??i, 

\iz. the equation of the variable circle is in this case 

cos 26 + 4:(x — m) cos 6 4- sin 6 + 2??r — 1 — 2(a?^ 4-/) = 0 . 

3. Now in general for the equation 

A cos 26 -[-B sin 26-|-C cos 64 -D sin 6 +E=0, 


where the coeflScients are any functions whatever of the coordinates (a*, y). the equa- 
tion of the envelope is 

S^-P=0, 


where 


S = 12(A^4-B0 ~ 3(e4-D^)4- 4E-; 


-T=27 A{e-D')+54BCD-(72(A=+B*)+0(C?+D*))E+8E'. 


4. Hence, substituting for A, B, C, D, E the above reflexion values, vve find 
S = 12 - 4S((.r- wif + /) + 4(2j/i=- 1 - 2^-=- 2/)’, 
-T=iB2((x-my-f) 

-72(l2+144((a.— )«)’+y)){2/-i--l-2a^-2/) 

+ 8 { 2 ot =- 1 - 2 .!'“- 2 /)=. 

Writing in these equations 

(x— mf -\-y-=x^ y‘—2ma;-\-ni\ 
(x—mf~y^=2x-—2mx-{-m-^{3r -h /), 
then after some simple reductions, we And 

S = 1 6 { 4-y — nf — 1)“4- Om{x~m )} , 

T — 32 { 2(x‘ —I)-' 4- 1 8y?i(a-— ??i)(a'^4- y‘— wr — 1) — 27 {x—my}. 

and thence 

S^-r-=:1024(a’~«0'B, 


U= 4:{af^+if~m^-~iy 
4- 4 w7-{ j*‘ -\-y “ — — 1 f 
-i-oOm (x^-{-y-—nf—l}(x-^7n} 
-27 

■j-Z27n\x—my 


wdiere 
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or, what is the same thing, 


-f-(36ma’+4w*— 20?ft^-j-12) 

— 2 Ta -* + ( — iitf + 1 — 4 ; 


so that the equation of the secondary caustic is U = 0, 
stated above, a sextic cur\e. 

5. It is easy to see that the foregoing envelope 
may be geometrically constructed as follows : viz. if 
from the point Q (coordinates cos 5, sin 5) on the 
reflecting circle we draw' QM perpendicular to the 
line a— in = 0, and then from the point M draw MX 
perpendicular to QT, the tangent at T, and produce 
MX to a point P such that PX=NM, then P is a - 
point of the envelope ; and we thence obtain for the 
cf)ordinates (a, y) of a point P of the envelope the 
values 


or the secondary caustic is. 


y 



x=z m — 2(/« — cos 5) cos^ 6, 

y=: sin 5— 2(?/i— cos 5) cos & sin 
f)r. what is the same thing. 

x='l cos^ 6 — m(2 cos^ 5—1), 

sin 5(2 cos® 54-1 )—2w sin 5 cos 5, 
or, as these equations may also be W'ritten, 


a’=| cos 5— m cos 254“-2- cos 35, 
sin 5— nisin 254-^ sin 35. 


6. This result may be verified by showing that these values satisfy the equation 
cos 25 + l(x-~m) cos 5 4* % sin 5 + 2ni® — 1 — 2(^ -f /) = 0, 
and also the derived equation 

sin 254-2(^— w) sin 5—2^ cos 5=0. 

We in fact have 

a? sin 5 — y cos 5 = m sin 5 — J sin 25, 

X cos 5-{-y sin S=f — cos 54-4 cos 25, 

and thence 

{x — m) sin 5 — ^ cos 5 = — 4 

which is one of the equations to be verified ; and also 

{x^m) cos 5 +y sin 5=| — 2;/i cos 5+4 cos 25. 


We have moreover 




-J + 7?i® — I ni Cos 5+1 CC)S i:5 ; 
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and, by means of these last equations, the other equation 

cos 26-f 4(.iF— m) cos6-b4y sin 1-— 2 (^®+ 5 r®)= 0 , 

is also verified. 

7. The foregoing values of (.r, y) give 

f sin54-2m sin 25— f sin o5)f^5=— sin 25{3cos5— 
dy=( f cos5— 2mcos25-i-| cos 35)<?5=: cos 25(3 cos5— 2w)</55 
or, what is the same thing, 

dx : — sin 25 : cos 25. 

Hence taking for a moment (X, Y') as the current coordinates of a point in the tangent 
of the envelope, the equation of the tangent of the envelope is 
'K.dy — Y dx—xdy —ydx, 

or, substituting for x, y, dx^ dy their values, this equation takes the verj' simple form 
Xcos 25— sin25— 2cos5-|-w=0, 

or writing (x^ y) in place of (X, Y"), that is taking now (^, y) as the current coordinates 
of a point in the tangent, the equation of the tangent is 

X cos 25—^ sin 25—2 cos 5+^1= 0 ; 

whence observing that this equation may be expressed as a rational equation of the 
fourth order in terms of the parameter tani5 (or cos5-)-\/ —1 sin 5), it appears that 
the class of the secondary caustic is=4. 

8. The secondary caustic may be considered as the envelope of the tangent, and the 
equation be obtained in this manner. Comparing with the general equation 


we have 


and thence 


giving 

if for a moment 


A cos 25-f-D sin 25+C cos S+D sin 5-4"E=U, 

B=-^, 

D=0, 

E— m, 

S=4{3(a:^+/j+w2^-3}, 

T=4{18m(a;^+/)-27.r-2wi*+9m}, 

S^-P=16V, 

Y"=4{3(^^-i-/)+?»"~3}^ 

— {18m(^-f/)'-27/r— 2w®-f 9m}^ 


The equation of the curve is thus obtained in the form V=0 ; this should of course 
be equivalent to the before-mentioned equation U=0; and by developing V, and com- 
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paring with the second of the two expressions of U, it appears that we in fact have 
V=27U. 

9. Taking as parameter tan ^ 5, or if we please cos 6+ 1 sin 6, the foregoing values 
of {x^y) in terms of B give (x,yi 1) proportional to rational and integral functions of the 
parameter of the degree 6 ; so that not only the curve is a sextic curve, but it is a uni- 
cursal sextic, or curve of the order 6 with the maximum number, =10, of nodes and 
cusps ; that is, if S be the number of nodes and x the number of cusps, we have 
Moreover, introducing the same parameter into the equation of the tangent, this equation 
is seen to be of the degree 4 in the parameter ; that is, the class of the curve is = 4 : this 
implies 2S+3«=26, and we have therefore 5=4, *=6. To verify these numbers, it is 
to be remarked that it appears by the equation of the curve that there is at each of the 
circular points at infinity a triple point in the nature of the point ^*=0, ^=0 on the 
curve y^=.x* ; such a point is in fact equivalent to two cusps and a node, and we have 
thus the two circular points at infinity counting together as 2 nodes and 4 cusps ; there 
should therefore besides be 2 nodes and 2 cusps, and I proceed to establish the existence 
of these by means of the expressions for (.r, y) in terms of B. 

10. To find the cusps, we have 

^= — sin 2$(3 cos 2//<)=0, 


cos25(3 cos6— 2m) = 0, 

which are each of them satisfied if only 3 cos B—‘2in—0, or cos B=~; the corresponding 
values of (x, y) are found to he 




y 


=±( 


4/tt^ 1 


and we have thus two cus2:>s situate symmetrically in regard to the axis of x ; the cusps 
are real if m<§, imaginary if for //i=:], the two cusps unite together at the 

point x=:t£ on the axis of a*, giving rise to a liigher singularity, which wall be further 
examined, No. 12. 

11. The curve is symmetrical in regard to the axis of .r, and hence any intersection 
with the axis of not being a })oint where the curve cuts the axis at right angles, will 
be a node. Hence, in order to find the nodes, wTiting //=0, this is 
sin 6(1— 2/?z cos6-f-“ cos‘5)=0, 

giving sin 6=0, that is, 

6=0, X— 2— m; 

or 

6 =^, x=—2—m; 

but these are each of them ordinary points on the axis of x ; or else giving 
1 — 2m cos 6 -h 2 cos^ 6 = 0, 


that is, 


cos 6= J(m+x/ 
c 2 
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The corresponding values of x are 

ar=cos0(2 cos^fl— 2mcosS)-J-?n, =m— cos6, =i(m 2) ; 
each of the points in question, viz. the points 

2), ^=0, 

is a node on the axis of x. 

12. It is to be observed that for m<\/2 the nodes are both imaginaiY ; for m=\/2 

they coincide together at the point ; for m>\/2 they are both real : it is to be 

further noticed that 

node \/w®— 2) corresponds to cQsB=^(?n—\/ nf—2), 

where (m being >\/2) the point (cos 0, sin S) is a real point on the circle ; 

in fact for ??i<| (that is, m=\/2 to m—^) we have \{m~\/nf—2) <\m^ that is, 

cos9<f ; but m = or >f, then cos $=J(w— is = or <J, and 
node corresponds to cos6=J(??z+v^ nf—2), 

where (m being >\/2) the point (cosS. sind) is a real point on the circle .r®-|-^^=l so 
long as 711 is not >f, that is, from 7n=\/'l to w=f ; but if m>|, then the point in 
question is an imaginaiy^ point on the circle — whence also the node ,r=J(m— \/ nr— 2) 
is an acnode or isolated point. 

In the case m=| we have 

node ir=l corresponding to cos 6=5 or 5 = 00". 

„ x=^ „ cos5=l or 5=0°, 

the last-mentioned point being in fact the point of union of two cusps in the case 
m=f now in question. Hence in this case we have at (a’=J, y=0) a triple point equi- 
valent to two cusps and a node ; visibly, there is only a single branch cutting the axis 
of X at right angles. 

In the case the nodes coincide as above mentioned at the point x~-^-^ on 

the axis ; for this value of m the coordinates of the cusps are 

which is <-^2); y= + 2T- 

13. Starting from the equation 1024 (j"--wifU=S^--P=:0, it is clear that the cusps 
are included among the intersections of the curves S=0, T=0; these two curves intersect 
in 24 points which lie 9-f 9 at the circular points at infinity, 2-j-2 at the points x=m, 

1 = 0, and 1+1 are the cusns, or points x=m---~, y’*=/^l— . To verify this, 
wTiting for a moment 

S'= 6in{x—m), 

T =2{x^ —7if—iy -{-1 8?n(x—7ti){a ^ ■— — 1 ) — 27(i' — fu)-. 
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then we have 

T — 2(;r^ -f — 1 )S' = 6m(^— -f-y — 1 ) ■— 27(^ —m)^ 

= m) { — 1 ) — 9 (^__ ^ . 

so that the equations S=0, T=0, or, what is the same thing, S'=0, T'=0 give 
(x—m) { 2m{x^ +f—nf—l)—9{x-^m)} = 0, 

9 

that is, .;r*— m=0, or else combining herewith the 

equation B'={x^-\-f—m^--lf-{-(j 7 n{x—in)= 0 , we have x—m=0, (^—1)^=0, or else 
(.r" +/ — vf — 1 f = (^— m)"* = Qm{x — m) , 

and therefore 

(jr~w)4|2i27(^-m)— 8/9 i®}=0, 

the second factor of which gives x=m—^fm^, and thence that 

is, and therefore that is, we 

ha've 

x=m— -if7n\ ^'‘ = ( 1 — I 

which, as appears above, gives the two cusps. 

14. Similarly, in the equation 1CV=:S®--P=0, the intersections of the curves 
S=0, T=0 must include the cusps; the curves in question are the two circles 

3 3=0, 

1 8m +/) — 2 7^— 2 nf -p 9?>i = 0 , 

meeting in the circular points at infinity, and in the two cusps. It is to be added that 
the tangent at the cusp coincides with the tangent of the last-mentioned circle, 

1 Sm(x^ ~\-f)^21x—2 iff -j- = 0 . 

or, as this may also be written, 

("-!;) 

15. The axis of x meets the secondary' caustic in the two nodes counting as 4 inter- 
sections, and besides in 2 points, viz. the points x=2 — 7n, x= — 2 — ni ; these correspond 
to the values 5 = 0 and 5=:^r respectively. But to verify them by means of the equation 

16y^S^~P=:0 

of the curve, it may be remarked that for j/=0 we have 

S=4(3a:^+m^-3), T=4(18ma-"-27a--2m^-p9m); 
and writing herein ^= + 2-- m, w’e find 

S=4(2m4:3)^ T=8(2m:f3f. 
values which satisfy the equation S'*— P=0. 
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16. In the equation U=:0 of the curve, writing a?— jn=0, the equation becomes 

4(/-l)>+W-l)'=0, 

that is, 

4(y— 1)"(3^— l+m")=0, 

and the line (w^m)=0 is thus a double tangent to the curve touching it at the points 
a’=m, ^= + 1, and besides meeting it at the points y=±\/l— m®, that is, at the 

intersections of the line a:-- m=0, with the circle of -f-^*=l- 

w 3 

17. The maximum or minimum values of y correspond to the values S==‘j- 

5=^1 5=:^ of 6; and we have for 
4 4 



is/2. 

II 

i-oi 

4 


y= \/2+m, 

4 


y=-\/2-m. 


,1- is/2. 

y=-,/5+»2. 


18. It is now easy to trace the secondary caustic; we may without loss of generality 
assume that m is positive, and the values to be considered are 

m=0, W4=l, j?i=\/2, m=|. 

with the intermediate values m>0<l, &c. ...and I have for convenience 

delineated in the figure only a portion of each curve, viz. the figure is terminated at the 
negative value x:=z — which corresponds to the maximum value as 

X increases negatively, the value of the ordinate y diminishes continuously from this 
maximum value, becoming =0 for the value ^=—2— and the curve at this point 
cutting the axis of x at right angles ; this is a sufficient explanation of the form of the 
curves beyond the limits of the figure. Moreover the curve is symmetrical in regard to 
the axis of x, and I have within the limits of the figure delineated only one of the two 
halves of the curve. 

19. For m>f the cusps are both imaginary, the nodes both real, but one of them is 
an isolated point or acnode (shown in the figure by a small cross). The curve has an 
interior loop, as showm in the figure, and there is also the acnode lying within the 
loop. 

For m=f, there is still an interior loop, but the acnode has united itself to the 
loop, the point of union, although presenting no visible singularity, being really a triple 
point equivalent to a node and two cusps. And in all the cases which follow there are 
two real cusps. 
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For m = <f >\/2, the loop has altered its form in such wise as to exhibit the node 
and two cusps, the curve has therefore two real nodes. 

For the two nodes unite together into a tacnode, so that the loop is on the 

point of disappearing; and for m<\/2>l the nodes are imaginary, and there is dhus 
no longer any loop. 


0 


In all the above forms the double tangent touches the curve at the points 

//=+!, but the other two intersections of the double tangent with the curve are ima- 
ginary. 
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P'oj- 7 n=l, the double tangent has the two coincident real intersections or it is 

111 fact a triple tangent 

For m<l>0, the double tangent has with the curve two real intersections, viz. they 
are the points where the double tangent meets the circle 

And finally, for m=0, the points in question unite themselves with the points of 
contact, the double tangent a'=0 being in this case the common tapgent at the two 
cusps ir=0, ^=+1- 


Added May 13, 1867.— A. C. 

20. As remarked in the original memoir, p. 312, the secondary caustic, in the last- 
mentioned case m=0, is a curv'^e similar to and double the magnitude of the caustic 
itself (riz. the caustic for parallel rays reflected at a circle), the position of the two curves 
differing by a right angle. 

The secondary caustics corresponding to the different values of m form, it is clear, a 
system of parallel curves ; and, by the remark just refen'ed to, it appears that this system 
is similar to the system of curves parallel to the caustic for parallel rays reflected at a 
circle. 
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III. On the Muscular Arrangermnts of the Bladder and Prostate, and the manner in 
which the Ureters and Urethra are closed. By James Bell Pettigkew, M.D. 
Edin., First Assistant in the Museum of the Royal College of Surgeons of England. 
Communicated hj Dr. Sharpey, Sec. B.S. 


Received June 21, — Bead June 21, 1866. 


The arrangement of the muscular fibres of the bladder is exceedingly intricate, and 
notwithstanding the large share of attention devoted to it, remains to a considerable 
extent unexplained. A cursory examination of the literature of the subject will sen^e 
to show that many of the statements advanced in elucidation of this difficult point 
of minute anatomy are more or less conflicting. Lieutaud* * * * and SABATiBRf described 
the fibres as pursuing no definite course, but as crossing in all directions to form a 
complete network of unequal meshes ; while Galen J enumerated three distinct orders 
of fibres, liz, a longitudinal, an oblique, and a circular, “Vesicarum tunicse rectos 
rotundos et obliquos habent lillos.” 

Duveuney§, liAUTHll, Huscuke^, and Cuuveilhier** * * §§ were of opinion that the 
fibres of the bladder might be separated into an external layer consisting of straight or 
longitudinal fibres, musculor detrusor urinae ” (Lauth), and an internal layer com- 
posed of oblique circular fibres, the oblique fibres, according to them, being developed 
most fully towards the cervix, where they form the “ sphincter vesicse.” 

Guthrie gives a very similar account. He recognizes an external longitudinal 
layer and an internal one, the fibres of which run in a spiral, oval, and transverse 
direction 

B ARROW and Ellis §§ indicate three layers, an external longitudinal, a middle 
circular, and an internal reticular or submucous. 

Winslow || [| carried the separation further, and maintained that the fleshy fibres of 

* Hist, de PAcad. des Sciences, 1753, p. 99. t Traite Compl. d’Anat. Paris, 1777. 

X He X 18 U partium, lib. v. cap. xi, § CESuvres Anat. 1761. 

)'! Nonvean Marniel de FAnatomiste. Paris, 1835. 

^ Encyclop. Anat. trad. Jourdan. Paris, 1845. ** Anat. Descript. 3® edit. 1852. 

tt On tte Anatomy and Diseases of the Urinary Organs and Sexual Organs. By 0. J. Gtoheie, F.B.S. 

Lond. 1843. 

Anatomy of the Muscular Fibres of the Human Bladder. Breslau, 1858. 

§§ “ An Account of the Urinary and certain of the Generative Organs of the Human Body. By Geoksb 
V nraR Enus, Prof. Anat. Univ. Coll. Bond.,” Med. Chir. Trans, vol. xxxix. 

j] II The Anatomy of the Human Body. Lond. 1766, sect. viii. § 452. 

MDCCCLXVII. D 
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the bladder may be dividfed into several layers, the fibres of the first or most external 
layer having a longitudinal direction, those which come next being inclined on either 
side of the longitudinal one, the succeeding or deepest fibres, which are the most 
oblique, gradually becoming transverse. This author pointed out the important fact 
that the fibres mutually cross each other. 

A. Sabatier* * * § in a recent memoir divides the fibres into a superficial layer of longitu- 
dinal fibres — a deeper layer of oval fibres, a still deeper one of circular or elliptiad 
fibres, and a layer of internal or deep longitudinal fibres. The external longitudinal 
fibres, in his opinion, surround the summit of the bladder, and form with those of the 
opposite side a sort of cravat (cravate) behind the base of the urachus, other and 
similar fibres passing beneath the neck of the bladder to form an inferior cravat. The 
superficial fibres, as will be observed from this description, are continuous towards the 
apex and base. The oval fibres, he remarks, form loops ianses)^ which, being trani^ 
verse on the anterior surface and oblique on the sides, converge and diverge posteriorly 
to form the italic letter x. The circular or elliptical fibres, according to Sabatier, 
extend from the summit of the bladder to the cemx vesicse and form complete circles ; 
the deep longitudinal or internal ones, which he regards as the internal prolongations 
of the urachus, intersecting the circular fibres at right angles, and being continued into 
the prostatic portion of the urethra. 

Other authors might be cited, as Douglas, Rutty, Pearson, Thompson, Sappey, 
Meecier, &c., but the opinions already quoted embrace, as far as I am aware, everything 
at present known of the general arrangement. The sphincter, trigone, and muscles of 
Bell have been described separately and variously. Guthrie f, assisted by Messrs. 
Taylor, Bedford, and Hancock, altogether failed to detect a sphincter for the bladder, 
and came to the conclusion that no circular fibres surround the neck of the organ; 
whereas Rutty as early as 1750, speaks of a complete sphincter in the shape of a 
small muscle of circular fibres which invests the neck of the bladder and prevents the 
involuntary emission of the urine. The sphincter vesicae was regarded by Huscuke f as 
being less regular and distinct than the internal sphincter of the anus, and Sir Charles 
Bell § describes it as consisting of a semicircular band of fibres about half an inch in 
breadth, and particularly strong on the under surface of the cervix ; the fibres of the 
upper portion of the band, which are fewer in number and weaker, dispersing them- 
selves in the substance of the bladder. Sabatier f and Bell f gave it as their belief 
that the trigone and luette are the most sensible parts of the bladder, and Mor- 

* Recherches Anatomiques et Physiologiques sur les Appareils Musculaires Correspondante 4 la vessie et 
i la prostate dans les deux seres. Pans, 1864. 

t Op. cit 

X A Treatise on the Urinary Passage. By William RurtY, M.D. Lond. 1750. 

§ A Treatise on tLe Diseases of the Urethra, V«sica Urinaria, Prostate, and Reotam. By Chawlis Bbll. 
3rd edit. With Notes by John Shaw. Lond. 1822. 
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QAGUri • and Saotobini f state that at the points where the ureters terminate in the 
bladder there arises from each of them a thick, round, compact, fleshy body, which 
takes a downward direction, and having proceeded a little way, unites with its ffllow 
and terminates in the caput gallinaceum. The bodies referred to were described by 
Lieutaud J under the term “ La trigone de la vessie,” and Sir Charles Bell regarded 
them as distinct muscles. This anatomist believed that they terminated in the third 
lobe of the prostate, and not in the caput gallinaceum, as averred by Morgagni and 
Santorini. In this, however, as I shall have occasion to show, he was mistaken. 

The accounts given of the distribution of the fibres in the prostate are few in number, 
from the fact that the authors who have turned their attention to the anatomy of the 
gland have for the most part described either its microscopical structure or pathological 
conditions. Ellis regards the prostate as being essentially a muscular body, con- 
sisting of circular or orbicular involuntary fibres, which are directly continuous behind 
with the circular fibres of the bladder, and in front with the cfrcular fibres of the 
membranous portion of the urethra. It is, in his estimation, “ only a largely developed 
portion of the circular muscular layer that invests all the urethra behind the bulb, or 
the spong}' portion.’’ The few longitudinal fibres w^hich, according to Ellis, occur on 
the upper surface of the prostate, are, he says, derived from the external layer of the 
bladder, and can scarcely be said to form part of the gland. According to Hodgson the 
prostate is made up of two structures, a soft yellowish series of vesicles and their ducts, 
and a more or less firm tissue laid between the glandular matter and connecting it toge- 
ther. The firm tissue in some instances forms the greater part of the gland, and in his 
opinion proceeds from the internal aspect of the capsule. It consists of unstriped muscular 
fibres, with wisite fibrous and yellow elastic tissues intervening. This author agrees with 
Ellis in believing that the circular muscular fibres of the prostatic portion of the urethra 
are not separable from the muscular structure of the prostate itself, the division being, 
as he states, the result of dissection and artificial. His description runs as follows : — 
“ The muscular structure, from the mucous membrane of the urethra to the capsule of 
the prostate, may be considered as the general muscular coat of the urethra interspersc^d 
with glandular tissue, and somewhat altered in arrangement and form to adapt it to this 
condition.” A. Sabatier J thus tabulates the several layers of the urethra and prostate, 
as seen in section and enumerated from mthin. 1. Mucous membrane. 2. Longi- 
tudinal fibres. 3. Layer of deep circular fibres concentric with the canal of the urethra, 
and continuous with the circular layer of the bladder. 4. Longitudinal fibres placed 
outside that layer, and only existing behind the canal. The longitudinal fibres are the 
terminations of the oval fibres which enter the prostate directly, o. A very thick layer 
of circular superficial fibres which compose almost the w hole mass of the prostate. 

* Moegagki, AdversMia, i. n. 9, Adversaria iii. AnimadveT. xlii. 

t Obsorvationes Anatomicae, cap. x. sec. xxi. + ^ 

§ The Prostate Gland and its Enlargement in Old Age. By Decjkvs Hodgsox, M.D. Edin., M.R.C.S. Eng. 
Lond. 1856. 
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These fibres are eccentric ■ to the deep circular fibres surrounding the canal of the 
urethra, and contain the glandular substance in a kind of network. 6, and lastly. 
The capsule, composed of fibrous tissue, which serves at once for a covering for the 
gland and a tendon of insertion for some of the fibres of the bladder. The prostate, 
according to Sabatier, consists almost exclusively of circular fibres, but the gland, in 
his opinion, is not a continuation of the bladder, although some of the fibres of the 
bladder terminate in it. He differs from Ellis and Hodgson in describing two sets of 
circular fibres ; the one belonging to the urethra, the other to the prostate proper. In 
this he is followed by Henle * * * § , who figures the tnro sets of circular fibres referred to, 
and indicates (towards the apex of the gland) the presence of striated or ^'oluntary 
muscular fibres. 

Leuckhart f describes a true rudimentary prostate in the female, which consists 
principally of mucous follicles, and is situated between the beginning of the urethra 
and the reflexion of the vagina If. 

From what has been stated, it will be endent that the arrangement of the fibres in 
the prostate, and their precise relations to those of the urethra and bladder, is by no 
means well ascertained. It will further appear that those who have described the 
fibres of the bladder as running in all directions have not attempted to trace their 
courses or localize them ; while those who have done the latter have given a very im- 
perfect account of the direction of the fibres forming the layers they have enumerated. 
In conclusion, no attempt has been made to reconcile the statements of Sabatier and 
Henle with those of Ellis and Hodgson, or the descriptions of Lieutaud and Sabatier 
with those of Duvernet, Lauth, Huschke, and Cruveilhiee — the former describing 
structures remarkable for their complexity, the latter for their extreme simplicity. 

The difficulties experienced in unravelling and tracing the fibres of the bladder and 
prostate sufficiently account for the discrepancies. With a view to simplifying the 
arrangement, I have in the present instance distended the bladder and urethra with 
liquid plaster of Paris, this substance preserving the soft contour of the viscus, and, 
when set, enabling me to dissect even individual fibres with a surprising degree of 
precision §. In many instances 1 have hardened the bladders so prepared in alcohol, 
bisected them in various directions, and removed the plaster, so as to render them 

* Handbucb der Systematiscben Anatomie des Menschen, von Hr J. Henle. 1866. 

t Vide article on Mebek’s Organ, inlllustr. Med. Zeitung, 1, 2. 

X “ ViECHOW also admits the existence of the rudimentary prostate in females, and says that he has often 
fonnd at the neck of the bladder, especially in old women when the internal orifice is thickened, round greyish- 
yellow enlargements, in which there are gradually formed firm dark-coloured bodies lying imbedded in the 
raucous membrane. These bodies he considers identical with, or analogous to, the concretions found in the 
prostatic portion of the urethra ” (Yiechow’s Archives, vol. ui. 1853). 

§ Tu order to obtain a dark background, against which to contrast the direction of the fibres, I added ultra- 
marine blue to the plaster before mixing it with water. The deep colour shines through the semi-transparent 
walls, and causes the fibres to stand out in relief. The plaster sets in a very few minutes and keeps perfectly in 
spirit. 
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transparent. In this way I have obtained illustrative views of all parts of the parietes, 
and particularly of the apex and fundus. By rendering the bladder transparent, the 
various sets of fibres can be accurately traced, their direction contrasted, and their 
relative position in the vesical parietes determined both from without and from within. 
The varying degrees of thickness in the muscular wall can likewise readily be made 
out. The prostate has been examined by slicing it in all directions, and by mace- 
rating it and tracing out the fibres by the aid of needles. My dissections, some 
sixty in number, have in all instances supplied me with my description, and 
have for the most part been carefully photographed in illustration. They are pre- 
served and catalogued in the Museum of the Royal College of Surgeons of Eng- 
land ; and I take this opportunity of acknowledging my obligations to the Council 
of the College for the facilities afforded me in their preparation. By adopting the 
methods explained. I ha%e obtained remarkably uniform results, and am fully persuaded 
tliat the fibres of the bladder and prostate, contrary to the received opinion, are 
curvilinear, and in fact spiral, or, more properly, lemniscate. The fibres, with few 
exceptions, form figure-of-eight loops, and the loops are variously shaped, according as 
they are superficial or deep. The most external and the most internal loops are attenu- 
ated or drawn out, and in this respect resemble longitudinal or vertical fibres, the 
deeper or more central ones being flattened from above downwards, and resembling 
circular fibres. The loops from this circumstance are divisible into tu'O orders^ viz. an 
extf'rnal and an internal, and these orders may be subdivided, the former into three sets 
of external loops, the latt<n' into three sets of internal ones. An intermediate or central 
set of loops occurs between. The seven sets of loops (external, internal, and central) 
represent so many layers or strata more or less perfect, and are indicated as well by 
their direction as by their position in the vesical parietes, the first and seventh sets 
(the most external and the most internal) being feebly developed, and having a more or 
less longitudinal or vertical direction, the second and sixth sets consisting of stronger 
fibres, which cross at acute angles after the manner of an attenuated figure of eight, the 
third and fifth sets, which occur in strong flattened fasciculi, crossing at obtuse angles, 
or more obliquely as in a figure of eight flattened from above or expanded laterally. The 
fourth, or central layer, consists of figure-of-eight loops, so crushed down or flattened that 
they appear to form complete circles. The crossing, however, is readily made out when 
sought for, and occasions that reticulated structure so conspicuous in the central layer. 
The terminal expansions of the loops forming the other layers contribute to the forma- 
tion of the fourth or central layer, particularly towards the apex and base, and this 
accounts for its greater thickness. The various sets of external and internal loops are 
directed towards the apex and base, and are distributed on the anterior, posterior, and 
lateral aspects respectively. The anterior and posterior fibres are most strongly pro- 
nounced, the lateral ones being rudimentai'y and less fully developed. As a result of 
this distribution, and because of the puckering occasioned by the constrictions which 
originally separate the bladder from the intestinal tube, the walls of the viscus are of 
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unequal thickness, the thickest portion corresponding to the cervix in the neighbour- 
hood of the sphincter, the second thickest portion to the apex in the vicinity of the 
urachus, the third to the trigone, the fourth and fifth to the anterior and posterior 
walls, and the sixth and seventh to the right and left lateral walls The most external 
and most internal loops are confined principally to one or other of the aspects indicated ; 
but the deeper or more central loops radiate and expand towards the apex and base, so 
that they come to embrace the entire circumference of the bladder in these directions. 
The expansion referred to is greatest towards the apex, and the aggregation of the 
terminal loops of the anterior and posterior fibres at the cervix (assisted by the lateral 
ones) form a well-marked sphincter in this situation. The sphincter is bilaterally 
symmetrical and oval in shape, the long axis being directed transversely, or from side 
to side, as represented at mw', yy' of fig. 11, Plate 111., and ly of diagrams 10 & 20, 
Plate V. The two sets of lateral fibres (Plate diagram 10, z which assist 
in the formation of the sphincter, intersect the angles formed by the crossing of the 
anterior and posterior fibres, and render its aperture somewhat circular in appearance. 
This circumstance, taken in connexion with the fact that the fibres pursue a very 
oblique direction, has given rise to the belief that the fibres of the sphincter and neck 
of the bladder generally are circular fibres, which is not the case. The fibres of the 
sphincter are best seen by inverting the bladder and dissecting from within, or by 
making transverse sections of the prostatic portion of the urethra in the direction of the 
fundus (Plate IV. figs. 19 & 20, m). They are most strongly pronounced at the cervix, 
but are continued forward on the urethra, and backwards into the bladder. In the 
female they extend even to the meatus urinarius. The apex and base of the bladder 
are similarly constructed, and resemble in their general configuration the other por- 
tions of the vesical walls ; ^. e. they are composed of longitudinal or vertical, slightly 
oblique, oblique, and very oblique spiral fibres, ’which cross in all directions externally 
and internally (Plate IV. figs. 13, 14 & 15). The longitudinal or vertical, slightly 
oblique, oblique, and very oblique external and internal fibres at the base are continued 
forwards within the prostate to the membranous portion of the urethra and the external 
and internal surfaces of the corpus spongiosum {vide Cervices of figs. 1, 4 & 7, Plate III.). 
The coats of the urethra are therefore to be regarded as the proper continuation of the 
walls of the bladder in an anterior direction. The external or longitudinal, slightly 
oblique, oblique, and very oblique spiral fibres which form the three outer and the 
central or circular tunic of the bladder and urethra, are curiously enough repeated in 
the prostate of the male and the analogous structure in the female, so that this gland 
would seem to be composed chiefly of fibrous offsets from the longitudinal, slightly 
oblique, oblique, and very oblique or circular fibres in question. To imderstand the 
relations existing between the bladder, prostate, and urethra, it will be most convenient 
to regard the four outer layers of the bladder as splitting up at the neck of the viscus, 

♦ The right and left lateral waDs are strengthened by the plexuses of blood-vessels and nerves, and by the 
cseUnlar and fibrous tissues which abound in these situations. 
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one-half of the longitudinal, slightly oblique, oblique, and very oblique or circular fibres 
going to the prostate (Plate V. diagram 8 . i', 2 , 3 , 4 -), the other to the external or 
outer part of the prostatic portion of the urethra (i, 2 . 3 , 4 ), That this is the* true 
arrangement may be readily ascertained by making vertical, horizontal, and antero- 
posterior or transverse sections of the parts concerned. In such sections (proceeding 
from Tvithout inwards) we find, first, the longitudinal (Plate V. diagram 8 . 1 '), slightly 
oblique (2), oblique (3) and very oblique or circular fibres (4) of the prostate; second, 
the longitudinal (i), slightly oblique (2), oblique (3), and very oblique fibres (4) of the 
extenial or outer half of the iirethra ; and third, the very oblique (4), oblique (5), 
slightly oblique (e) and longitudinal or submucous fibres ( 7 ) of the internal or inner 
half of the urethra. The longitudinal, slightly oblique, oblique, and very oblique fibres 
belonging to the outer half of the urethra occupy an intermediate or central position 
with regard to those of the prostate and inner half of the urethra, and form a partition 
or septum similar in many respects to the septum ventriculorum of the heart. It is just 
possible that the septum in either case is formed by a simple reduplication, the folding 
in the bladder occurring at the cervix, and taking the form of an intussusception from 
below upwards *. Mr. H.\xcock, in his work on Stricture (p. 14), states his belief that 
the outer coat of the bladder passes forwards on the outside of the prostate gland, and 
laterally and inferiorly joins the fibres derived from the inner coat in front of the gland 
to assist in forming the organic muscular covering of the membranous portion of the 
urethra ; but my dissections show that the external fibres of the prostate (Plate IV. 
figs. 30 & 32, Plate V. diagram 7, p) and the internal or submucous fibres 
of the urethra (Plate IV. figs. 30 & 32, r ; Plate V. diagram 7, «") are altogether 
independent of each other, and are separated by a wide interval — the interval being 
occupied by the slightly oblique, oblique, and very oblique fibres peculiar to the 
prostate and urethra. The vei’y oblique or circular fibres of the prostate (Plate IV. 
figs. 24 & 27, 0 ) and urethra (m). as will be seen from this account, are likewise 
separated by a considerable interval. The interval is widest at the base of the gland 
(Plate IV. fig. 24, m, 0 ), where the sphincter is most fully developed, and at the apex 
(fig. 27, m, 0 ). Towards the centre of the prostate the circular fibres (Plate IV. 
figs. 25 & 26, 0 ) of the gland curve in an upward direction into the veromontanum 
or caput gallinaginis (r), where they blend with the circular fibres of the urethra (w). 
I draw attention to these facts because, as has been stated, HoDGSOxf, Ellis J, and 
other investigators are of opinion that the circular fibres of the prostate are identical 
with those of the bladder and urethra, which is contrary to my experience. The cir- 
cular fibres of the prostate are for the most part not only widely removed from those of 

* For an explanation of tlie manner in which the septum is formed in the heart see paper by the author “ On 
tiw Arrangement of the Muscular Fibr^ in the Ventricles of the Vertebrate Heart,” Phil. Trans. Fart III. 1 864, 
p. 464. 

t The Prostate Gland and its Enlargement in Old A^. By Decimus Hodgsok, M.D. Edin. Lond. 1 856. 

t Op. dt. p. 4. 
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the urethra, but they have, as was shown by Sabatiek, separate axes — the circular fibres 
of the urethra being concentric to the canal of the urethra, and eccentric to the circular 
fibres of the prostate (Plate IV. fig. 24, m, o). The only fibres which can with accuracy 
be regarded as continuous with the circular fibres of the bladder, are the corresponding 
fibres of the urethra (Plate III. fig. 9, m, n). The various sets of fibres in the vesical 
parietes are elaborately interlaced, the most external or superficial ones being connected 
directly and indirectly with the slightly oblique external, the slightly oblique external 
with the oblique external, and the oblique external with the very oblique or central fibres, 
Tlie very oblique internal fibres, on the other hand, are connected with the oblique internal, 
these in their turn being connected with the slightly oblique internal, and the slightly 
oblique internal with the longitudinal or vertical internal. In some instances the longi- 
tudinal external are connected directly with the longitudinal internal, and so of the slightly 
oblique, oblique, and very oblique external and internal fibres. The bladder, urethra, and 
prostate are bilaterally symmetrical, and the fibres composing them pursue something like 
seven directions, the fibres crossing with remarkable precision at wider and wider vertical 
angles as the centre of either is reached, as in the stomach and heart *. In fact the 
fibres of the bladder, stomach, and heart have a strictly analogous arrangement, and I am 
inclined to believe that functionally also they possess points of resemblance. Very similar 
remarks may be made regarding the structure and functions of the uterus. 

From a careful examination of a large number of mammalian bladders, I am of opi- 
nion that fundamentally the fibres are an’anged in two principal directions, viz. vertically 
or longitudinally (Plate IV. fig. 34 & 36, s), and transversely or circularly (yti). In the 
primary or typical bladder the vertical fibres, particularly in the undistended condition, 
are grouped together, and form ridges which are raised considerably above the level of 
the transverse fibres. The ridges, two in number, run from the urethra anteriorly to 
the urachus and urethra posteriorly, and from side to side. The former bisects the 
bladder in an antero-posterior direction, the other laterally. As the urachus naturally 
disconnects the ridges at the apex of the bladder, they may be conveniently described 
as the anterior, posterior, and right and left lateral ridges. They are seen to advantage 
in the bladders of the Ox (Plate IV. fig. 36, a h, op, s). Cat (Plate IV. fig. 38, a h\ c d, op), 
Sheep, Roebuck, and Wombat, and map out the circular fibres into four distinct regions. 
The fibres constituting them are united to the circular ones by short oblique fibres (Plate 
IV. fig. 36, in), and it may be stated that the so-called longitudinal and circular fibres 
are, with few exceptions, the most strongly marked. This is precisely what we should 
expect if, as Baee and Rathkb afinirm, the bladder is formed originally from the intes- 
tinal tube. The ridges are not always persistent, and the disappearance of a ridge ne- 
cessitates a higher degree of differentiation in the fibres themselves, e. it demands an 
increase in the number of oblique fibres. In the Ox, Sheep, and Pig the lateral ridges 
are but feebly developed, and in the Horse the posterior one has ail but disappeared. 

* See paper by the author “ On the Arrangement of the Muscular Fibres in the Yentricles of the Vertebrate 
Heart,” Phfi. Trans. Part III. 1864. 
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In the Koala no posterior ridge can be discerned, but the remaining three, viz. the ante- 
rior and two lateral (Plate IV. fig. 34, ojp, s t), are strongly pronounced. In the human 
and other bilateral bladders (to which my subsequent remarks more particularly apply) 
two ridges alone persist, viz. the anterior (Plate III. fig. 1, a b) and posterior (Plate III. 
fig. 6, o). They correspond with what has been described as the great anterior and pos- 
terior longitudinal bands of fibres, and during tln^ distended state of the viscus have their 
height so greatly reduced by lateral stretching as scarcely any longer to deserve the 
name of ridges. They, however, have their honiologues in bladders of a lower type, and 
occasion a thickening of the w^all of the bladder anteriorly and posteriorly which cannot 
otherwise be easily accounted for. It is a curious fact, and not without interest as far 
as the comi)arativc anatomy of the bladder is concerned, that traces of the fourfold ar- 
rangement alluded to above may not unfrequently be dett'Cted in the human bladder, 
particularly at the a})ex and base. In one ^p(^cimen w'hich I dissected and preserved, it 
is especially distinct (Plate IV. fig. IG, (kk 11 ; fig. 18, run). 

Although it is usual to speak tT the fibres constituting the muscular coats of the 
bladder as longitudinal and circular, it may be as well to state that, strictly speaking, 
those terms are inapplicable, the so-called longitudinal fibres for the most part curving 
and dnerging cither in an aiitero-posterior or lateral direction, and the circular ones 
rt'prescnting the aggregate of terminal loops, or very oblique fibres crossing at very ob- 
tuse angles. The terms therefore have been retained in the text rather with a view to 
assimilating mv description with that of previous writers, and because it is convenient to 
have an ideal standaid of compari.son than because of their correctness. The best 
standard by which to com])are the direction of the fibres is a line drawn from the cervix 
of the bladder anteriorly to the urachus and ceiaix posteriorly, another being made to 
extend from the right side of the ceiwix to the urachus and left side. A. third line may be 
drawn tramsversely, or at right angles to both. 

It has likewise been customary to regard the fibres constituting the vesical parietes as 
consisting of lay(‘rs, but here, again, it is necessary to explain that the strata of the ana- 
tomist find no exact counterpart in the bladder itself, the fibres rarely, if ever, occupy- 
ing precisely the same tdane and running exactly parallel. They moreover split up and 
become fused with each other, with coiTespondiiig or homologous fibres, and with fibres 
which are either superimposed or underlie them. The term layer, which has also been 
retained, is consequently used in a restricted senhe. 

In the subjoined account I make no distinction betw^een the male and female bladder, 
the difference which exists between the two referring rather to shape and to the greater 
length ol the urethra in the former than to the general arrangement of the fibres them- 
selves. I have, moreover, taken my description from young and adult normal bladders, 
from a feeling that Bell, Sabatier, and other investigators have given undue prominence 
to certain fibres or sets of fibres from having dissected abnormally thickened or hyper- 
trophied bladders. As mere verbal descriptions, however voluminous and precise, w ould 
fail to convey an adequate conception of the various combinations formed by the fibres 

MDCCCLXVII. E 
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of the bladder, I have confineci my remarks to elucidating the plan or general arrange- 
ment, and have trusted for minor details to the figures and diagrams which will, I trust, 
be found sufficiently numerous for this purpose. 

EXTERNAL FIBRES. 

First or superficial layer^ consisting principally of longitudinal fibres. — When the 
bladder of a young adult has been distended and carefully divested of its blood-vessels, 
nerves, and cellular tissue, it is found to be bilaterally symmetrical, the fibres comprising 
its parietes pursuing complicated but definite directions. 

On the anterior aspect a certain number on either side of the mesial line proceed in a 
nearly vertical direction from the cervix to the urachus, and have from this circumstance 
been termed longitudinal (Plate Til. figs. 1 & 3, 3; Plate V. diag. 1, a b). Of these, 

some arise from the posterior surface of the pubes by means of the anterior true liga- 
ments, and some from the upper or dorsal surface of the fibrous capsule investing the 
prostate (Plate TV. fig. 29, a 5), a certain number proceeding from the dorsal surface of 
the urethra {a). Others (Plate TV. fig. 28, a) pass in a more or less horizontal direction 
through the gland, and in this manner reach the under or ventral surface (e) of tb.e 
prostatic cap.sule to which they adhere, the greater number losing themsehes in the 
glandular stroma (/). In the opposite direction, or towards the urachus, some of the 
fibres are continuous with the urachus itself, wdiile others arc inserted into the peritoneal 
fold investing the top of the bladder. The greater pro])ortion cur\e over and become 
continuous with the vertical or longitudinal fibres posteriorly (Plate III. figs. 4, 5, 6 & 
8, op). The posterior longitudinal fibres in their tuni are connected with the fibres of 
the compressor urethrae, the under or ventral surface of the fibrous ca])sule of the pros- 
tate (Plate TV. fig. 29, o p), and the ventral surface of the urethra (w). Of lhe.se, a cer- 
tain number curve in an upward direction (Plate IV. fig. 28, h i) and pass through tlu* 
gland (/) to reach the dorsal surface of the prostate. The anterior and posterior longi- 
tudinal fibres, as they appear on the dorsal and ventral surfaces ot the prostatic portion 
of the urethra, are seen at b andp of figs. I & 4, Plate III. On the right and left lateral 
aspects of the bladder longitudinal or vertical fibres, similar to those occurring on the 
anterior and po.sterior aspects, can be detected (Plate IV. fig. 9, ab); and I regard 
their occurrence in these situations as favouring the idea that originally the bladder is 
formed from the intestine. The fourfold arrangement of the fibres, especially at the 
apex and base, is well seen at Plate IV, fig. 16, «o, ^ ; fig. 18, bp. mn. The lateral 
longitudinal fibres are attached to the fibrous capsule of the prostate on its right and left 
aspects, some continuing their course on the sides of the urethra (Plate III. figs. 7 & 
8, b), while others pass through the gland transversely (Plate IV. figs. 33 & 35, a c), 
or become lost in its substance. Sabatier*, when speaking of the anterior longitudinal 
fibres, says that in some instances this layer is extended laterally, and that in such cases 
the internal border of the aponeurosis of the levator ani also serves for insertion. 

* Op. at. 
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The fibres which can with any degree of propriety be regarded as pursuing a 
longitudinal or vertical direction are comparatively few, and are confined to the 
anterior, posterior, or lateral surfaces. They are best seen in the bladders of the 
lower animals. 

2nd. External layer, consisting of fibres arranged in attenuated figure-of-eight loops . — 
Returning to the anterior aspect, we observ^e that at a point about half an inch above 
the cervix the fibres diverge from the mesial line gradually and with great regularity in 
an upward and downward direction ; they in fact cross each other, and form figure-of- 
eight loops (Plate III. figs. 1 & 2, cdef), the more attenuated of which are nearest to 
the line in question. These loops are placed beneath the longitudinal fibres, and are so 
arranged that they include the urachus (x) and urethra {h) in their terminal portions. 
Sabatier*, as was explained, observed a similar looped arrangement, and described the 
fibres which embrace the urachus and urethra, and are continued on the anterior surface 
as oval fibres. He was not aware that the fibres crossed each other and formed figure- 
of-eight loops. If a single fibre were taken, it might be regarded as setting out from 
the left side of the urachus and running in a spiral direction from left to right down- 
wards, until it reached the cer\’ix, round which it curves to proceed in an opposite direc- 
tion, or from right to left upwards. The cour.se of the fibre in question is indicated at 
Plate \. diagram 1, r d ef. The looped fibres form a figure-of-eight patch or layer which 
extends from the a]>cx to the bas(' for a little distance on either side of the mesial line. 
On the posterior aspect tlie fibres likewise diverge from the mesial line (Plate III, figs. 4 
Sib, qt). In this instance, however, the divergence and crossing is less obvious, owing 
to the greatb' attenuated condition of the loops occasioned by the greater vertical mea- 
surement of the bladder posteriorly. In many cases those loops, or modifications of 
them, extend forwards upon the urethra and give rise to a series of slightly oblique 
fibres not formerly described. The oblique fibres referred to can also be traced in the 
prostate. A similar figure-of-eight looped arrangement of the fibres is discovered on the 
sides of the bladder. The four sets of fibres described extend in the direction of each 
other, and invest a considerable proportion of the surface of the bladder. They form the 
second layer. 

3rd. External layer, consisting of fibres arranged in figure-of-eight loops flattened from 
above or extended laterally. — If the longitudinal and slightly oblique fibres forming the first 
and second external layers be removed from the anterior aspect, a third set of looped fibres, 
diverging still more decidedly from the mesial line and forming a more perfect figure-of- 
eight, is discovered (Plate III. figs. 1 & 2, ^ A ij). Those fibres which have a deeper posi- 
tion diverge from the mesial line and cross each other obliquely at a point about three- 
fourths of an inch above the cervix. They proceed fi-om the left of the mesial line pos- 
teriorly, curve round the left side of the bladder in a spiral oblique direction, and cross 
the mesial line anteriorly at the point indicated. Continuing their downward course, 
they curve round behind the cervix, where they alter their direction and are lost to 

t Op. cU. 
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view. They reappear on the anterior surface, recross the anterior mesial line, and wind 
round in an upward spiral direction luitil they reach the right of the mesial line pos- 
teriorly. where we began to trace them. Their course is given in Plate V. diagram 

1 , 

The fibres under consideration form a broad expansion on the upper third of the 
bladder posteriorly (Plate III. fig. 7, < 7 ). On the sides and anterior aspect {gd) they con- 
A*erge until tliey reach the anterior mesial line, where they cross each other, after which 
they again slightly expand in a backward direction to assist in forming the posterior 
half of the sphincter vesicae (Plate III. fig. 4. v- w). They constitute a patch or laytn* of 
considerable thickness. Their direction at the upper third of the bladder posteriorly, 
and at the posterior aspect of the cervix, is nearly transverse, owing to the large curves 
made by the terminal portions of the loop^. In those situations they form, with inci- 
dental or accessory fibres which are developed bcAween them, part of the so-called 
transverse or circular layer of the older anatomists. Turning to the posterior sur- 
face, a similar disposition of the fibres can be made out. Here, however, owing, as 
has been ahnady explained, to the greater posterior measurement of the bladder, the 
looped arrangement is not so obvious (Plate III. figs. 4 & 0, v iv a ). That the fibres 
diverge from the mesial line in an upward direction is at once apparent, but that they 
cross and diverge in a downward direction is not so evident, Sabatiek* was of opi- 
nion that they did not cross, and has represented them as coming together and sepa- 
rating as in the italic letter sc. The crossing, however, as I have abundantly satis- 
fied myself, does occur. Its site corresponds to a point in the mesial line about two 
inches above the base of the prostate. 

The external fibres forming the third layer or jiatch posteriorly may be briefly 
described. They proceed from the left of the mesial line antcniorly, and curve in a 
downward and backward spiral direction until they reach the point indicated. C on- 
tinuing their do\niward course, they cross the median line posteriorly, and cuii e round 
on the cenix anteriorly, where they assist in forming the anterior half of the sphincter 
vesicse (Plate III. fig. 1, h i). They reappear on the posterior surface, recross the posterior 
median line, and cur^e in an upward and forward spiral direction until they reach the 
right of the median line anteriorly whence they set out. Their course is traced in 
Plate V. diagram 3, uvivac. 

The posterior fibres of the third layer in this manner form figure-of-eight loops like the 
anterior ones ; the loops of either set being so arranged that the terminal portions of 
each appear either on the anterior or posterior surface. They are continued forwards 
upon the dorsal and ventral surfaces of the urethra (Plate V. diagram 8. 3 ), and like- 
wise upon the dorsal and ventral surfaces of the prostate (.3). This disposition of the 
fibres imparts a highly symmetrical appearance to the bladder, the terminal loops being 
arranged in two sets at the apex (Plate IV. fig. 15) and cervix (fig. 17), rendering it 
strikingly bilateral in these directions. I am axious to be explicit on this point, as it 

* Op. cit. 
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bears upon the true structure of the sphincter vesicse, which has up till the present been 
regarded as consisting of circular tibres instead of two sets of very oblique spiral fibres 
intersecting each other at two hxed points, those points corresponding to the right and 
left aspects of the cervix. 

I have chosen to speak of anterior and posterior looped fibres, but this description, as 
will readily be perceived, is purely arbitrary, the fibres which begin on the posterior 
surface curving round and crossing each other anteriorly and the reverse. The method 
followed has been siiggebted by the direction and the crossing of the fibres, as well as by 
the position of tin' fibres in tin' })arietes ; it so happening that those portions of the 
fibres which form the tc'rminal loo})s occupy a deeper situation than that occupied by 
the same fibres wliere they cross. By considering the fibres as anterior which cross 
anteriorly, and vice we are enabled to comj)are and contrast the direction of the 

fibres on the anteiior, posterior, and lateral aspects of the bladder without in any way 
obscuring or interfering with their continuity. As it is to the direction pursued by the 
fibres that we must look for an explanation of the manner in which the bladder contracts, 
the plan adopted lias many advantages, 

The anterior and posteiior fibres of the third layer, whose upper terminal loops spread 
out on the upper third of the bladder anteriorly and posteriorly, and whose lower 
terminal loops eonvergi* to assist in the formation of the sphincter, form two tmsted 
slings (Plate HI, fig. 8, h r/, o q), the iiifiueiice exercised by which in dragging the summit 
of the bladder towards the cervix or fixed point must be very considerable. The anterior 
and posterior set" of fibrc'^ which spread out on the summit, in addition to being con- 
tinuous upon thenisclvc'^ to form loops, are continuous with each other on the upper 
third of the latc'ral aspects of the bladder. In these situations they unite with con- 
siderable regularity, after the manner of a groined arch (Plate III. fig. G, q 1), so that 
the\ form a kind of hood or cap>iile, which envelopes the apex. The fibres of the 
anterior and posterior sets interchange slightly with the fibres w^hich are above and 
beneath them. 

Two sets of fibres corresponding in their essential features to the anterior and 
posterior sets of fibres just described, may by a little careful examination be detected on 
the sides of the viscus. The fibres in question are feebly developed when compared 
with the anterior and posterior ont's ; but their distribution and general configuration is 
the same. Thus, if we trace the fibres from the median line intersecting the left half 
of the bladder, w e shall find that thev wind round anteriorly in a downw ard spiral direc- 
tion, and cross that which intersects the right half at a point nearly midway between 
the apex and fundus (Plate III. fig. 9, qrhq). Pursuing their downward spiral course, 
they curve round the left side of the fundus, and reverse their direction to reappear on 
the right side. They then proceed in an upward spiral direction, recross the mesial 
line of the right side, and curve round until they regain that on the left, thus com- 
pleting the figure of eight. These two sets of lateral fibres spread out on the anterior and 
posterior aspects of the upper third of the bladder, their teiminal loops confining them- 
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selves to the right and left sides respectively. They converge at the cervix to assist in 
forming the sphincter, as explained. 

Fourth^ or central layer, consisting of fibres arranged in figure-of eight loops, crushed 
together to produce the maximum of lateral distention. — Returning, for a fourth time, 
to the anterior aspect, vpe discover a still deeper and more oblique set of fibres. These, 
like their predecessors, form figure-of-eight loops; the loops in this instance being flatten^ 
from above downwards, and from below upwards. Proceeding with the description as 
before, we trace the fibres from the left of the posterior median Hue round upon the 
left side (Plate III. fig. 1, k), then on the anterior aspect, then on the right side (1), and 
onward to the posterior of the cervix, where they reverse their course to proceed in an 
upwnrd and very oblique spiral direction (m n). They ultimately reach the point from 
which they started, and in this w^ay become continuous at the apex and base. Their 
course is indicated at Plate V. diag. 1, klmn. These fibres spread out on the lower 
two thirds of the bladder posteriorly, and form a layer of great thickness. They thus 
complete, by their flattened terminal loops, the lower portion of the so-called circular 
layer on this aspect (Plate III. fig. 6, fig. 12, kl). They converge on the sides, and 
on reaching the anterior mesial Hne at a point half an inch or so above the cervix, are 
plainly seen to cross each other. On the posterior aspect of the cervix they are crowded 
together, and are principally concerned in forming the posteeioe lip of the sphincter 
VESICA (Plate III. fig. 4, zz’ ; Plate V. diagram zzz, f f y'\ Many of them are 
prolonged on the ventral aspect of the urethra (Plate III. fig. 9, m), especially its pro- 
static portion, while others proceed to the prostate itself (Plate V. diag. 8 , g g'). Turning 
to the posterior aspect, a corresponding set of fibres is met with (Plate V. fig. 4, y y', z z'). 
These fibres come from the mesial line anteriorly, and curve round on the left side in a 
downward and very oblique spiral direction until they reach the mesial line posteriorly. 
They then proceed to the right, and curve round the cervix anteriorly, so as to change 
their course, and return in an opposite and upw'ard direction to where w'e began to 
trace them. These fibres are greatly developed, and in their turn spread out on the 
lower two thirds of the anterior aspect, to complete wRat was wanting of the circular 
layer in this direction (Plate III. fig. 3, kl). They converge at the apex anteriorly, and 
are largely concerned in the formation of the anterior lip op the sphincter (Plate III. 
fig. 1, klmn; Plate V. diagram 2, I IT). Many of them are continued for- 

wards on the dorsum of the urethra, and form, with corresponding fibres found on the 
ventral aspect, the so-called circular layer of the prostatic and membranous portions of 
the urethra. The lower portions of the bladder, the sphincter, and the prostatic and 
membranous portions of the urethra are thus plainly bilateral. 

Twn sets of similar, though less fully developed fibres occur on the sides of the bladder 
(Plate III. fig. 9, m n), and contribute to the formation of the lower portion of the central 
layer, sphincter, and urethral canal in these directions. It will be evident from this 
description that the so-called central or circular layer is not composed of circular fibres 
having a uniform direction, as figured by Sabatier, Ellis, and others, but of very obHque 
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spiral fibres crossing at very obtuse angles, mixed up with the greatly expanded 
terminal portions of the loops forming the several layers. It ought, however, to be 
mentioned that a certain number of incidental or accessory fibres is developed between 
the crossings formed by the very oblique fibres which confer upon the layer a certain 
degree of uniformity. The layer in question is seen anteriorly at Plate III. figs. 3 & 11, 
k /, posteriorly at figs. 6 & 12, ^ and laterally at fig 9, mn. It is traced in 

outline at Plate V. diagram 2, k u, m I ; diagram y z\ diagram 6, k n, m I, and 
diagram 10^ y L The fibres forming the great central layer are united to each other 
where they intersect ; they also interchange fibres with the layers to the outside and 
inside of them. 

INTERNAL FIBRES. 

Comprising layers 5, 6, and 7 (imperfect ). — If the central layer be removed, which, 
owing to its great thickness and the tenuity of the internal fibres, is a matter of 
difficulty, it will be seen that the fibres to the inside of it, or the internal fibres proper, 
are arranged very much in tlie same way as the external fibres already described. The 
internal fibres are best seen when the bladder is inverted and the dissection conducted 
from within. They are, as compared with the external fibres, rudimentary and 
scantily developed. They do not. however, pursue the simply longitudinal course 
usually attributed to them. On the contrai’y, their direction is varied as in the 
external fibres. Thus those occurring in the mesial line anteriorly (Plate III. fig. 10, h) 
and posteriorly (fig. 12. oo.pp) are more or less vertical, while those to the outside of 
them or nearer the central layer, diverge from the line in question, and show a decided 
tendency to the looped arrangement (Plate 111. fig. 1 0, e (7 ef) ; those still deeper making 
unmistakeabie spiral cur^'es [g h ij) analogous to those made by corresponding external 
fibres. The same remarks, if allowance be made for their more fragmentary condition, 
may be made regarding the course and distribution of the internal fibres occurring on 
the sides of the bladder. The various sets of internal fibres cross each other like the 
external ones, the more longitudinal fibres at acute angles, the more circular or deeper 
ones at obtuse angles. They are continued on the ureters and urethra, and in the 
latter situation, owing to the smaller space occupied by them, are more plentiful (Plate 
III. fig. 10, h). Their general distribution in the interior of the urethra is given in the 
section headed trigone further on. The internal fibres of the bladder in some instances 
are so straggling that they form a network of large meshes. They are united by 
accessory slips to corresponding external ones, and the external in some instances 
originate the internal as in the heart. The internal fibres are so delicate in com- 
parison with the fibres of the great central layer (Plate III. fig. 12, k 1). that in the 
hypertrophied bladder the circular ones tear them asunder so that they partially 
or altogether disappear. 

Bistrihution of the external and internal fibres at the apex and fundus . — ^The various 
directions pursued by the external and internal fibres on the walls of the bladder 
generally are readily made out at the apex and fundus, both from without and from 
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within. In fact if a cyliijder composed of external and internal longitudinal slightly 
oblique, oblique, and very oblique fibres be constricted at either end, the general scheme 
of the arrangement of the fibres at the summit and base is at once apparent The 
longitudinal or vertical fibres, particularly the external ones, bend over and unite, to 
form a crucial an*angement. the anterior joining with the posterior and the lateral with 
each other (Plate IV. fig. 16, « o, A: / ; fig. 18, m w). The slightly oblique and 
oblique fibres in like manner bend over and unite, those because of their obliquity 
occasioning a stellate arrangement, which causes at the apex a corresponding thickening 
of the wall (Plate IV. figs. 13 & 15, a*), and at the cervix a thickening and funnel-shaped 
puckering, which largely contributes to the closure of the urethral oritice (Plate IV. figs. 
14 & IT, 2 , 2 ). The very oblique fibres, because of the greater size of the loops formed 
by their junction, furnish what are known as the circular fibres, and are continued on 
the body of the viscus generally (Plate IV. figs. 13, 15, & 16, A’/, and figs. 14, 17 & 18, 
m w). The circular fibres, which are plentifully developed at the cervix, where they 
contribute largely to the formation of the sphincter, occur to the outside of the 
internal stellate fibres, and, with the elasticity natural to the parts, are principally 
concerned in the closure of the urethral orifice. This orifice, it may be remarked, is as 
impervious as the urachus itself when the urine is not actually ])assing through it, a 
considerable degree of pressure being necessary, even in the dead bladder, to foi'ce a 
passage. As might be supposed from this explanation, the apex and base, if allou ance 
be made for the apertures of the ureters and urethra and the expanded condition of the 
viscus in the latter direction, are structurally identical. This is particularly evident 
when the apex and base are rendered transparent, and compared by being held against 
the light. When viewed ti-om within, the various sets of vertical, slightly oblique, 
oblique, and very oblique fibres can be made out without difficulty. The crossing of 
the oblique and very oblique fibres concerned in the formation of the central layer is 
especially evident. These fibres, in conjunction with the jiccessory fibres developed 
between them, form tolerably perfect circles or rings, which invest the summit and base, 
particularly that portion of the base which corresponds with the cervix (Plate IV. fig. 17, 
3 2 '). I draw attention to this arrangement because of the symmetry it everywhere 
secures, and because in no work with which I am acquainted has the arrangement of the 
fibres at the apex and base been either described or figured. The fibres in question are 
shown at Plate IV. figs. 13, 14, 15, 16, 17 & 18. 

TEIGONE. 

Uvula, verumontanum ; ureters and urethra — closure of, &c . — The only points re- 
quiring further elucidation pertain to the ureters and urethra, and that triangular space 
which occurs between them familiarly known as the trigone (Plate V. diagram 7, 
z V s). The space referred to has received a large share of attention, partly on account of 
its surgical importance, and partly because many authors suppose that the fibres and tissues 
composing it are specially constructed, and have particular functions assigned to them. 
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Sabatiee and Bell, it will be remembered, were of opinion that the trigone and luette 
are the most sensible parts of the bladder; and Bell* * * § and GuTHEiEf agreed in assign- 
ing to those parts a separate and increased nervous supply. Moegagni J, SantoeI20 
and Lieutaud, as was explained, described two fleshy bodies which run from the uretral 
orifices to the verumontanum, those bodies being subsquently, though wrongly, described 
by Bell || as separate muscles. 

Without entering into too great detail, it may be stated in a general way that the 
fibres of the trigone are very similarly arranged to those of corresponding internal fibres 
anywhere else at the fundus (Plate IV. figs. 14 & 17, 2 , 2 ); the only difference being 
that they are more mixed up with fibrous tissue, the fibrous tissue causing a matting 
and thickening of the vesical parietes in this situation. The following account is intended 
to show how the ureters enter the bladder, and how the fibres of the trigone are con- 
tinued into the uvula and median ridge of the female, and the caput gallinaginis or 
verumontanum of the male (Plate V. diagram 7, s) ; those ridges playing an important 
part in the closure of the urethra. 

The ureters, as is well known, enter the walls of the bladder obliquely on its posterior 
aspect (Plate III. fig. 6, 2 ). They enter midway between the posterior longitudinal and 
lateral longitudinal fibres at a point an inch and a half or so from the mesial line, and 
about the same distance from the base of the prostate. They are crossed externally 
and internally by the longitudinal slightly oblique, oblique, and very oblique fibres 
of the bladder, from all of which they receive accessions (Plate IV. fig. 14). The very 
oblique fibres, which are by much the strongest, run nearly at right angles to the longi- 
tudinal fibres of the ureters. Thos-e portions of the ureters ( 2 , 2 ) which lay within the 
vesical parietes are therefore invested with fibres from the bladder, analogous to those 
surrounding the j)rostatic portion of the urethra. The ureters, in virtue of this arrange- 
ment, are more or less under the influence of the fibres of the walls of the bladder in 
their immediate vicinity, the longitudinal and slightly oblique ones tending to obliterate 
the uretral canals during contraction by the thickening they undergo, the oblique fibres 
plaiting above, beneath, and around, and closing them from without inwards or centri- 
petally. The closure is aided by the elasticity of the parts and the great obliquity of 
the uretral canals, those portions of the parietes which correspond with the track of the 
canals, particularly where the ureters open, being exceedingly thin, and acting in those 
situations as a moveable partition or valve. The valve in question responds to the 

* “ Account of the Muscles of the Ureters, and their effects on the irritable states of the Bladder.^ By Chakies 
Beue, Esq.” Med. Chir. Trans, vol. iii. 1812. 

■f On the Anatomy and Diseases of the Urinary Organs and Sexual Organs. By G J. Guthkie, Esq., F.R.S. 
3rd. edit. London, 1843. 

it Moegagni, Adversaria, i. n. 9, Adversaria iii. Animadver xlii. 

§ Ol^ervationes Anatomieas, cap. x, see. xxi. 

II A Treatise on the Diseases of the Urethra, Tesiea urinaria, Prostate, ' and Eectum. By Chaeles Bell, 
Esq,, 3rd edit, with notes by John Shaw, Esq. London, 1822. 
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ft DE. PETTI&EEW ON mz MUSCULAR AHEANOEMNTS 

lightest prepare, aad resembles in ^me respects that found at the mouths of sinuses 
and in the mailer wins*. 

The ureters ^ter the bladder obliquely in a twofold sense, viz., from above downwards, 
and from without inwards with regard to the posterior mesial line, and from above down- 
wards and from without inwards with regard to the walls of the bladder itself The degree 
of obliquity varies according to the degree of distention. In the flaccid or undistended 
bladder the ureters are directed towards each other at a considerable angle (Plate IV. 
fig. 14, 3, 2 ), and the extent of wall traversed by them from the time they enter the 
bladder until they reach its interior, equals, as nearly as may be, half an inch. In the 
distended state, on the other hand, the ureters come together in a nearly straight line 
(Plate IV. tig. 18, 2 , 2 ), and the extent of wall traversed is increased to three-fourths of 
an inch, or thereabouts. The openings of the ureters in the flaccid bladder are 
separated by an interval, which varies in diflerent bladders, and in the same bladders 
according to the degi’ee of distension. Usually it is about an inch and a quarter in the 
flaccid bladder, and from an inch and a half to two inches in the distended one, 
Although the openings of the ureters are thus widely apart, it does not follow that tlie 
ureters, or rather the muscular fibres composing them, terminate where the openings 
occur. On the contraiy. the muscular fibres of the ureters are continued between the 
uretral openings, and are as strongly pronounced in the interior of the bladder as they 
are on the exterior and within the walls. There is in fact no breach of continuity 
in the muscular fibres of the ureters within the bladder, and the two ureters unite 
in the mesial line to form a strong looj) or girder in which the ’siscus may be said to be 
suspended or slung. This arrangement prevents puckering of the coats of the bladder 
at the points where the ureters open, and secures to those portions of the ureters 
imbedded in the walls of the bladder a relative and definite position. The continuity 
referred to is best seen when the preparation is rendered transparent and held against 
the light. When so viewed the ureters (continued into each other) appear as a strong 
'dark band, which is as distinctly pronounced between the orifices of the ureters as 
within the walls of the bladder itself (Plate IV. figs. 14, 17, & 18, 2 , 2 '; Plate V. dia^ 
gram 7iVz), In addition to being continuous with each other, the fibres of the ureters, 
as was satisfactorily shown by HoDGSoxf and Ellis J, are continuous with those of the 
neck of the bladder and the urethra. The fibres which connect the ureters with those 
investing the urethral canal, converge in a downward direction, those which are 
nearest the median line (Plate V. diagram 7, a d) coming together and crossing at very 
acute angles [c c), those which are deeper coming together and crossing at wider angles 
(^ r/), the deepest hanng a nearly transverse direction, as in the so-called central layer 

^ ri(7e paper by the Author “ On the Relations, Structure, and Functions of the Valves of the VascnlMr 
System in Yertehrata,” Trans. Eoy. Soc. Edin. vol. xxiii. part 3. p. 763. 

t The Prostate Gland and its Enlargement in Old Age. By DEcnans Honosoif, M.D. Edin. London, 1856. 

4: “ An Account of the arrangetnent of the Muscular Sulwtance in the Urinary and certeiin of the Generative 
Organs of the Human Body. By (^eokoe Yineji Ellis,” Med.-Chh. Trans, vol. xxxix. 
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(k&)^ The superficial and median fibres are continued into» and are primcipajyif 
concerned in the structure of the uvula and verumontanum (§). The deeper oblique fibr^ 
which also a^ist in forming those structures, are mixed up with the very oblique mr 
circular fibres of the prostate (Plate IV. figs. 26 & 26, n). They converge towards and 
cross at the verumontanum as in the letter X, so that the sinus pocularis is surrounded 
by fibres which radiate in every direction. This arrangement is useful in maintaining the 
relative position of the glandular ducts which open at this point. The verumontanum, 
as will be seen from this description, is essentially a muscular structure. It however 
contains, as Kobelt pointed out, a small quantity of erectile tissue, and in this many of the 
fibres terminate. The uvula and median ridge in the female and the caput gallinaginis 
in the male are analogous in structure, and both are connected with the ureters at their 
junction in the median line. While, therefore, the ureters are continuous with and 
drag upon each other directly (Plate IV. diagram 7, v z), they are continuous with as^ 
drag upon the median ridge (a') and verumontanum (s) indirectly. This is important, 
as the ureters act against each other, and the two together tend to elevate or raise the 
median ridge and verumontanum during contraction. The shape of the verumontanum, 
on which its uses to a certain extent depend, is that of an inverted pyramid, the base of 
the pyramid being turned towards the base of the prostate. Its narrow end is conse- 
quently directed downwards and forwards. It is attached by one side of the pyramid 
to the posterior 'wall of the prostatic portion of the urethra, the two sides which are 
free terminating in a well pronounced crest. As the prostatic portion of the urethral 
canal is triangular in form (Plate IV. diagrams 12, 13, 14, 15, IG, & 17) and fitted 
upon or to the verumontanum so closely that water cannot be passed even in the dead 
bladder without exercising a considerable degree of ])r(‘S''Ure, it is not difficult to 
perceive that in the living organism, when the parts are injected with blood, the 
obliteration must be very complete. The urine moreover by its own weight will tend 
to force the wedge formed by the verumontanum in a downward direction, the circular 
fibres of the s])hiiicter and its own structure and connexions confining the wedging 
within certain limits. When the bladder contracts, the longitudinal fibres, nhich 
connect the verumontanum with the uieters where they meet in the mesial line, have 
the effect of elevating or withdrawing the wedge and thus assist in rendering the orifice 
of the urethra patent*. Sabatiek speaks of the verumontanum as the gate-keeper of 
the prostatic portion of the urethra. 

In giving this explanation of the action of the v erumontanum, I am aware that the 
ofiice hitherto assigned to it is that of checking the reflux of the seminal fluid into the 
bladder. The semen, however, is passed so seldom when compared with the urine, that 
this must be regarded as a secondary rather than a primary function. In the female, 
moreover, where no corresponding action can he performed, a median ridge or modified 
verumontanum can be detected. The uneasy feeling cxpciienced by the patient when 

* The longitudinal fibrt* referred to are fully an iudi and a half m length, so tlmt their elevating power 
must be very considerable, 
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the catheter is being passed through the prostatic portion of the urethra, and which is 
not felt by the female, is owing probably not so much to the supposed heightened 
sensibility of the parts as to mechanical obstruction and entanglement. That the pain 
in question is referable to the region of the rerumontanum and not to the trigone, as is 
commonly believed, seems certain from a fact first stated by Guthbie*, that in the 
healthy bladder even when moderately distended the triangular space descends so as to be 
beyond the reach of the catheter. The extreme sensitiveness of the trigone in disease, 
or when irritated by the presence of a stone, is moreover no proof of its increased 
sensibility in the normal condition of the parts. If the trigone, as Sabatieb, Bell, and 
others affirm, be so delicately sensitive, it is difficult to understand how the urine, which 
naturally collects in the neck of the bladder, is not expelled almost as soon as it is 
received. Bell and Glt’hbie lay considerable emphasis upon the unusually large 
supply of nerves to this part, but repeated and very careful dissections of the nerves 
of the bladder, not only in man but in the ox, sheep, monkey, and other animals, 
induce me to dissent from their Gews. The supply to the trigone in no way exceeds 
that to the parts surrounding the neck of the bladder generally. The nerves and 
likewise the blood-vessels are more numerous at the neck and fundus than they are 
towards the apex and higher up, but the distribution is uniform, and consists of a 
complete network, which extends itself over the external and intenial surfaces and 
within the walls. The network, I may observe, is remarkable for the immense number 
of ganglia it everywhere displays, these in some instances, particularly on the sides 
of the bladder, being exceedingly large. In the ox I have found them of tlie size 
of a small millet seed, and in man and in the monkey they are correspondingly 
developed. 

Muscles of Bell. — The muscular fibres which run between the orifices of the ureters 
and urethra, and which form the lateral boundaries of the trigone, had undue prominence 
assigned them by BELLf, who described them as separate structures under the title of 
muscles of the ureters. These muscles, he says, are inserted by tendons into the middle 
lobe of the prostate, and their function is to preserve the due obliquity of the orifices 
of the ureters. They have, however, neither the insertion nor function indicated. 
They are continued into the verumontanum and urethra, and apart from the other fibres 
of the trigone have no existence. The obliquity of the lu’cters, moreover, as has been 
shown, is primarily secured by the fibres of the ureters being continued into each 
other within the bladder. Sir Charles seems to have been misled by dissecting 
hypertrophied bladders from without, and by supposing that the coat of the bladder 
which contracts is on the outside of the oblique passages of the ureters, an arrangement 
necessitating, as he thought, some counteracting power on the inside to draw down the 

* On tke Anatomy and Diseases of the Urinary Oi^ans and Sexual Organs. By G. J. Gutheie, F.E.S. 3rd 
edit. Lend. 1843, p. 6. 

t Account of the Muscles of the Ureters and their effects on the irritable states of the Bladder. By Chaeles 
Bele, Esq,” Med. Chir. Trans, vol. iii. 1812. 
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uretral orifices. The ureters, however, as the reader is aware, are in reality situated 
within the walls of the bladder, and are grasped alike by the external and internal 
fibres (Plate V. figs. 14 & 17, 2 , 2 ), an arrangement which dispenses with the necessity 
for special muscles. What therefore was delegated to separate structures is more 
conveniently and effectively performed by the fibres of the bladder itself. 

The longitudinal and oblique fibres occurring between the muscles of Bell, and which 
enter principally into the formatian of the uvula and median ridge of the female and 
the verumontanum of the male, are continued forwards on the urethra of the latter. 
They are variously disposed. At the apex of the prostate they diverge and bifurcate to 
a greater or less degree. On the membranous portion of the canal some are oblique 
and some straight. Further fonvards they diverge and then converge to form an oval 
patch corresponding to the posterior third of the spongy portion ; they subsequently 
diverge in the direction of the glans penis, where they spread out to embrace the fossa 
navicularis. Here they apparently terminate in loops. 

RECAPITULATION. 

The points which I have sought more especially to establish in the present memoir 
are the following : — 

I have endeavoured to show that the fibres of the bladder are spiral continuous fibres 
arranged for the most part in the form of figure-of-eight loops, the loops being directed 
towards and embracing the urachus and urethra respectively. 

The fibres distribute themselves on the anterior, posterior, and lateral surfaces, and 
are divisible into seven layers or strata, which are more or less perfect, viz. three external, 
a fourth or central, and three internal. The fibres of the first and seventh layers (the 
most external and most internal) pursue a nearly vertical direction and are feebly deve- 
loped ; the fibres of the second and sixth layers, which are stronger and occupy a deeper 
situation, running in a slightly obhque spiral direction and crossing at acute angles ; 
those of the third and fifth layers, which are still stronger and deeper than any of the 
others, running in a spiral oblique direction and crossing at obtuse angles. The fibres 
of the fourth or central layer pursue a very oblique spiral course, and cross at such 
obtuse angles as to have been up till the present regarded as circular fibres. The fibres in 
this manner increase in strength and in obliquity, both from without and from within, and 
form by their interlacings a structure remarkable alike for its complexity and its beauty. 

The apex and base are structurally identical, and consist of longitudinal, slightly ob- 
lique, oblique, and very oblique or cii-cular external and internal fibres, crossing and 
interlacing as in the other portions of the vesical parietes. 

The longitudinal or vertical fibres have a crucial arrangement at the apex and base, 
and the slightly oblique ones are drawn together at the urachus and cervix by the con- 
strictions which in the embryo separate the bladder from the allantois and uretlua. 
This stellate arrangement occasions a thickening of the walls of the bladder at the points 
indicated, and renders the bladder impervious in both directions ; the urethra, unless 
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when the urine is actually passing through it, being perfectly closed* This is interest- 
ing, as it shows how an orifice patent only at long intervals assimilates itself to one, 
the ui'achus, clo^d at birth. The closure of the urethra is favoured by the contraction 
of the very oblique or circular fibres forming the sphincter, and by the prominence of 
the uvula vesicse (iuette vesicale) and median ridge in the female and the caput gallina- 
ginis or verumontauum in the male. The longitudinal, slightly oblique, oblique and 
very oblique external and internal fibres are continued into the prostatic portion of the 
urethra, so that the urethra is to be regarded as the proper continuation of the bladder 
in an antero-posterior direction. It ought, however, to be mentioned that the four outer 
layers of the bladder split up or bifurcate at the cervix, the one hall going to the exter- 
nal or outer half of the urethra, the other to the prostate. There is consequently no 
portion of the bladder, urethra, or prostate in which longitudinal, slightly oblique, 
oblique, and very oblique or circular fibres may not be found. 

The longitudinal fibres of the prostate and urethra are separated by a considerable 
interval, and the v-ery oblique or circular fibres, which are widely distinct and have 
separate axes at the cervix where the sphincter is most fully developed, curve into and 
are blended with each other in the region of the verumontauum. This is important, as it 
shows how the sphincter may act independently of the prostate, and the reverse. 

The very oblique or circular fibres have been specially described from the fact of their 
entering largely into the formation of the bladder, urethm, and prostate, and because 
they are principally concerned in the formation of the sphincter. 

The sphincter vesicse, the existence of which has been doubted, is composed of an 
anterior and posterior set of oblique and verj' oblique or circular fibres which is largely 
developed, and by a right and left lateral set which is accessory and less fully developed. 

The fibres of the sphincter are continuous with the oblique and very oblique spiral 
fibres of the urethra and bladder generally, and this circumstance, more than any other, 
has induced anatomists to deny its presence. As wtdi, however, might we argue against 
the existence of a sphincter in the stomach or rectum, for in both of those cases, as is 
well known, there is continuity of structure. The fibres of the trigone are similarly 
arranged to the other internal fibres at the fundus, the very oblique or circular ones 
passing across between the uretrai orifices to blend with the fibres of the ureters them- 
selves, while the ohque, slightly oblique, and vertical pass in a downward direction 
and converge prior to reaching the verumontanum, where they cross, and for the most 
part terminate. The verumontanum is thus directly conuected with the fibres of the 
trigone, and indirectly with the internal fibres of the cervix generally. During the 
distended or passive condition of the bladder it acts in a downward direction as a 
mechanical wedge, and with the aid of the sphincter completely occludes the pas- 
sage of the urethra. In the active state, or when the urine is being expelled, the 
verumontanum is elevated or withdrawn by the contraction of the more vertical fibres of 
the trigone, the other vertical fibres of the fundus acting in harmony and elevating, and 
in this manner opening up, dilating, or expanding the funnel-shaped cavity within the 
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sphincter, the sphincter relaxing dmnltaneously and affording a clear channel for the 
escape of the fluid contents of the bladder 

The ureters enter the vesical parietes at a very obtuse angle, and the angle inctea^ 
according to the degree of distention of the bladder. They receive accessions of fibr^ 
from the longitudinal, slightly oblique, oblique, and very oblique external and internal 
fibres in their vicinity, and are continued upon each other within the bladder in the form 
of a strong transverse band. The transverse band which connects the ureters together 
within the bladder, or between the uretral orifices, is equal in volume to the ureters 
themselves within the vesical parietes. It is best seen when the base of the bladder is 
detached and held against the light, and seems to be formed by a partial obliteration of 
the uretral tubes. 

The uretral canals seek the internal surface of the bladder even more obliquely than 
the ureters, and the inner surfaces of the ureters become so thin, particularly towards 
the uretral orifices, that they act mechanically as moveable partitions or valves, as in 
the smaller veins. The canals of the ureters are consequently closed, partly by the con- 
tractions of the muscular walls, and partly by the mechanical pressure exercised by the 
mine about to be expelled. 

From the foregoing rtsame it will be evident that the various sets of external and 
internal fibres forming the bladder, urethra, and prostate are arranged so as to coor- 
dinate each other, th(' loops formed by the anterior fibres crossing each other at 
more or less acute angles according to their depths, the anterior fibres, as a whole, 
crossing the posterior or homologous fibres as a whole. AVhile. therefore, the fibres, in 
virtue of their twisted looped arrangement, coordinate each other individually, the 
aggregation of the fibres in any one region coordinate a similar aggregation of fibres at 
an opposite point, the anterior fibres, e. y/.. acting on the posterior, and the right lateral 
upon the left latcralf . This arrangement, which is productive of great strength, ensures 
that the external and internal fibres shall act in unison or together, and fully explains 
the views of the older anatomists, who described the bladder as consisting of fibres 
crossing in every direction, and forming an intricate network. It likewise accords with 
the more modern opinion, that the fibres of the bladder may be dirided into strata 
or layers. 

It is difficult to estimate the precise effect which the twisted looped arrangement of 
the fibres may have on the contraction of the bladder ; but the fibres are disposed so 

* The structures which take part in the expulsion of the urine have keen tabnlated by Sir Charles Bell as 
follows : “ Ihe proper internal sphincter of the bladder, the compressor prostator, the levator ani, the levator 

or compressor urethrm of Mr. Wilsox, the ejaeulator seminis, file internal and oblique perinai muscles. These, 
he says, are of the class of sphincter muscles, their opponents being the detnisor urinas or muscular coat of the 
bladder (and in consent with it), the abdominal muscles and diaphragm. ’’ This author, it will he observed, 
makes no mention of the vemmonti.num, 

t The principle here foreshadowed seems to attain ite full development in the voluntary system of museks 
where the extensors coordinate the flexors, the abductors the adductors, the pronators the supinators, &c. 
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sjTnmetrically, and so nicely balanced as regards length, strength, and direction, that I 
am of opinion the order of contraction is very precise and well defined. I am further 
inclined to believe that the fibres of the several layers contract towards certain points, 
the more longitudinal anterior, posterior, and lateral fibres contracting from above 
downwards in the direction of the urethra so as to approximate the apex and fundus, 
the slightly oblique, oblique, and very oblique spiral fibres contracting towards the 
points where they cross each other, viz. towards the anterior, posterior, and right and 
left lateral raphe. That this centripetal and downward action of the oblique fibres to- 
wards the points of intersection takes place is rendered probable by the fact, that in the 
contracted bladder the anterior, posterior, and lateral ridges (where they exist) are thrown 
into bold relief*, the sides of the viscus in some instances coming together so com- 
pletely that their mucous surfaces adhere. In such cases, if any urine be present, it 
is, as a rule, confined to the immediate vicinity of the uretral orifices, and not diffused 
throughout the cavity of the bladder generally, as it would most likely be if there were 
not a strong persistent lateral action. 


Explanation of Plates. 

PLATE III. 

Pig. 1. Anterior view of young adult male bladder, showing longitudinal (ah), slightly 
oblique (c d ef), oblique (g Ti ij), and very oblique (k I m n) spiral figure-of- 
eight fibres, as seen in layers 1, 2, 3, & 4. 

X. Urachus, 

Fig. 2. Anterior view of adult female bladder. Shows slightly oblique (cd ef) and 
oblique (g It ij ) spiral figure-of-eight fibres, with a few oval fibres, as observed 
in layers 2 & 3. 

X, Urachus. 

Fig. 3. Anterior view of adult female bladder (walls rendered transparent). Shows 
longitudinal and slightly oblique spiral figure-of-eight fibres mixed up (a h), as 
seen in layers 1 & 2. Likewise the very oblique spiral fibres commonly 
regarded as circular (k 1), forming the fourth or central layer. 

Fig. 4. Posterior view of young adult male bladder, showing longitudinal (op), slightly 
oblique (g t), oblique (uvw x), and very oblique (y y? - 2 ') spiral figure-of-eight 
fibres, as seen in layers 1, 2, 3, & 4. 

2,2. Portions of ureters. 

Fig. 5. Posterior view of adult female bladder (transparent). Shows longitudinal 
(op), slightly oblique (gt), and very oblique or circular fibres (gz), as seen 
in layers 1, 2, & 4. 

Fig. 6. Posterior view of adult male bladder. Shows longitudinal ( 0 ), slightly oblique 
* Vide Plate lY. figs. 34, 36, & 38, a b, op, s t. 
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(q t)^ oblique {uvw ^), and very oblique or circular fibres (y), as seen in layers 

1, 2, 3, & 4. 

2 , 2 . Portions of ureters. ' 

Fig. 7. Left lateral view of young adult male bladder, showing longitudinal {a h, o p), 
slightly oblique (cd)^ oblique (gih)^ and very oblique {klmn) spiral figure- 
of-eight fibres, as seen in layers 1 , 2, 3, & 4. 

X. Urachus. 

Fig. 8. Eight lateral view of adult male bladder, showing longitudinal {a b, slightly 
oblique (q), oblique (g q, hh), and very oblique spiral fibres (n), as seen in 
layers 1, 2, 3, & 4. 
a Portion of ureter. 

X. Urachus. 

Fig. 9. Left lateral view of adult male bladder (transparent), showing longitudinal(«^), 
oblique (qq, rr, h by q q)^ and verj' oblique or circular fibres {mil), as seen in 
layers 1, 3, & 4. 

2 . Portion of ureter. 

X. Urachus. 

Fig. 10. Anterior view of adult male bladder inverted, showing longitudinal {ah)^ 
slightly oblique {cdcf), oblique {qbij), and very oblique {k) spiral figure- 
of-eight fibres, as seen in layers 7, 6, 5, & 4. The internal fibres are fewer 
in number and more rudimentary than the external ones, but their directions, 
as a little careful examination will show, are the same. 

X. Urachus inverted. 

Fig. 11. Anterior half of adult male bladder, seen from within (transparent). Shows 
longitudinal (a) and very oblique or circular fibres, forming the fourth or cen- 
tral layer (kl); also the continuations of those fibres in a downward direction 
towards the cervix, where they arc arranged in two sets (min', q q’), and arc 
principally concerned in the formation of the sphincter vesica?. 

X. Urachus, from mthin. 

Fig. 12. Posterior view of adult male bladder inverted. Shows longitudinal {oo,p})) 
and very oblique or circular fibres (kk, II), as seen in layers 7 & 4. 

PLATE IV. 

Fig. 13. Apex of adult male bladder placed upon its posterior surface (transparent). 

Shows longitudinal (ao), slightly oblique {efqt), oblique {[fjiix), and very 
oblique or circular fibres {kl), similar to those occurring on the walls of 
the bladder generally. The very oblique fibres are arranged in two sets (A* /), 
as at the fundus. Compare with fibres marked mrd, q^ in fig. 11, Plate III. 
Fig. 14. Fundus and ceiwix of adult female bladder placed on its posterior surface 
(transparent). Shows longitudinal {bp), slightly oblique {d€,rs), oblique 
HDCCCLXVII. G 
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{h f V w)^ and very oblique (m n) fibr^ ; Hie latter curving round Hie urethra 
(s) in two sets (m and n), and contributing largely to tl^ formation of the 
sphincter, which is bilaterally symmetrical. The sphincter receives accessions 
of fibr^ from the ureters as-). 

s, 3. Ureters penebating the walls of the bladder and app^rii^ continuous 
within it as a strong transverse band. 

Uig. 15. Apex of adult male bladder placed on its posterior surface, seen from within, 
the converse of fig. 1 3 (transparent). Shows longitudinal (a o), slightly oblique 
(ef^ t), oblique {gj u sc)^ and very oblique fibres {k 1). 

X. Thickened stellate patch of fibres corresponding to attachment of urachus, 
and occasioned probably by the constriction which originally separates the 
bladder from the allantois. 

Fig. 16. Apex of adult male bladder placed on its posterior surface (transparent). 

Shows anterior (a), posterior (o), and right [k) and left (/) longitudinal fibres 
arranged in a crucial form, with the urachus {x) as the central point, and in a 
minor degree the slightly oblique (efijf)- oblique {gj ux), and very oblique 
(k I) fibres seen in fig. 13. Compare with similar amuigemcnt in fig. 18, wbicli 
represents the fundus and cervix of the same bladder. 

Fig. 17. Fundus and cerrix of adult female bladder placed on its posterior surface, seen 
from within (tranparent). Shows longitudinal (^p), slightly oblique (tiers), 
oblique {h / v tv), and very oblique or circular {m ti) fibres, but principally 
the longitudinal and circular ; also the continuity of the ureters with each 
other in the mesial line, and with the fibres of the uvula, &c. It likewise 
shows the trigone ( 2 , 2 ) and the funnel-shaped thickening occurring at the 
cervix, occasioned probably by the constriction which separates the bladder 
from the urethra. 

Fig. 18. Fundus and cervix of adult male bladder placed on its posterior surface (trans- 
parent). Shows anterior (b), posterior (p), and right {tii) and left (/«) longitu- 
dinal fibres arranged in a crucial form with the prostate (z) as a centre ; and 
in a minor degree, the slightly oblique (<^ ^ r 5 ), oblique (hivw), and very 
oblique or circular (mn) fibres seen in fig, 14. Compare with similar arrange- 
ment in fig. 16, which represents the apex of the same bladder. 

2 2 '. Ureters penetrating the walls of the bladder and appearing continuous 
within it as a dark transverse band. 

Fig. 19. Transverse section of prostate and urethra at cervix (male). 

m. Very oblique or circular fibres of urethra forming the sphincter. Compare 
with tn m' m’\ 1 1' J' of diagram 2, and zzz, ^ y' y' of diagram 4, Plate V. 

Fig, 20. Transverse section of prostate and urethra of an inch from the cervix (male). 

m. Very oblique or circular fibres of the prostatic portion of the urethra. Com- 
pare with It V of diagram 2, and zzz, tf of diagram 4, 

Plate V. 



OF THE BEADDEE AHD FBOSTATE. 43 

X. Oval band of fibres surrounding the ducts of the vesiculse seminales. 

Fig. 21. Transverse section of prostate and urethra an inch from the cervix (male). 

m. Very oblique or circular fibres of the urethra blending with similat fibres 

belonging to the prostate (o). 

n. Fibres belonging partly to the urethra and partly to the prostate, radiating in 

the substance of the gland from the vei-umontanum (r) as a central point. 
X. Circular band of fibres embracing the ducts of the vcsiculae seminales. 

Fig, 22. Transverse section of female urethra near the cer\ix, showing the very oblique 
or circular fibres (m) constituting the sphincter vesicae. 
y. Opening for vessels. 
ff. Upper surface of vagina. 

Fig. 23. The same, nearer the meatus urmarius. 

m. Very oblique or circular fibres of the urethra. 

n. Ditto, in subjacent tissue. 

zf. Upper and under surface of urethra. 
y. Opening for vessels. 

Fig. 24. Transverse section of prostate and prostatic portion of urethra at base of gland 
(male). 

m. Very oblique or ckcular fibres of urethra where sphincter is most fully 
developed. 

0 . Con-esponding fibres of the prostate. Those fibres are distinct from each 
other at this point, and are separated by a considerable interval. 

X. Oval band of fibres surrounding ducts of vesiculse seminales. 

Fig. 25. Transverse section of prostate and prostatic portion of urethra rather more 
than J of an inch from the base (male). 
m. Yery oblique or circular fibres of urethra. 

0 . Very oblique or circular fibres of prostate curving into the verumontanum 
(r), where they blend with the circular and other fibres of the uretoa 
(m). The relation existing between the urethra and prostate in this and 
the succeeding section is of the most intimate description. 

Fig. 26. A similar section, rather more than ^ an inch from the base (male). 

m. Very oblique or circular fibres of the urethra blending with corresponding 

fibres belonging to the prostate (o). 

n. Fibres which belong partly to the prostate and partly to the urethra, 

and which radiate from the verumontanum (r) as a centre. 

Fig. 27. Another and similar section at the apex (male). 

m. "V ery oblique or circular fibres of the urethra. 

0 . Corresponding fibres of the prostate. In this section, as in that represented 
at fig 24, a considerable interval occurs between the two sets of circular 
fibres. 

gg. Under surface of prostate. 
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Fig. 28. Vertical section of fundus of bladder and prostate (male). Shows intimate rela- 
tion existing between bladder and prostate, and how some of the longitudinal 
fibres from the anterior wall (a) proceed to the dorsal surface of the gland (i), 
some passing through it (/) and reaching its ventral surface (c). It also 
shows how some of the longitudinal fibres from the posterior wall (h) 
pass on to the ventral surface (s), while others curve in an upward direction 
to reach the dorsal surface (i y). 

Fig. 29. A similar vertical section in the vicinity of the urethra, exhibiting a still closer 
relation of the parts (male). 

a. Longitudinal fibres from anterior wall of bladder proceeding to dorsum 
of prostate (^) and dorsal surface of urethra {w). 

0. Longitudinal fibres from posterior wall of bladder proceeding to ventral 
surface of prostate (p) and ventral surface of urethra (w). 

Fig. 30. A third and similar vertical section through centre of prostate and urethra (male). 

Shows anterior longitudinal fibres diverging at cernx (r) and going to dorsum 
of prostate (w) and dorsal surface of urethra. 

s. Internal longitudinal submucous fibres continued into the urethm. These 

fibres are independent of those marked (r). 

t. Posterior longitudinal fibres going to ventral surface of urethra. 

V. Substance of prostate in which is to be found slightly oblique, oblique, 
and very oblique fibres. 

Fig. 31. Vertical section of the parts at the neck of the bladder in the adult female. 

a. Longitudinal fibres from anterior wall, bifurcating, some proceeding to 
dorsum of urethra (J), others in a downward direction (Z). 

0. Longitudinal fibres from posterior w’^all proceeding to the ventral surface 
of urethra (p), and in an upward direction (/). 
m. Veiy oblique or circular fibres surrounding urethra. 

Fig. 32. Vertical mesial section through cervix of bladder and ui’ethra in adult female. 
The lettering and description corresponds to that given under fig. 30. 

Fig. 33. Horizontal section of cervix and prostate in adult male. 

a. Longitudinal fibres from right side of bladder, bifurcating, some passing 
to right side of prostate (Z*), others passing in a lateral direction to left 
side of bladder (c). 

€, Longitudinal fibres from left side of bladder proceeding to left side of 
prostate (d), and to right side of bladder (a). These fibres represent 
certain of the terminal loops, 
s. Oblique passage of urethra. 

Fig. 34. Eight lateral view of bladder of Koala, showing how in. some of the lower 
animals the longitudinal {a op, s t) and very oblique or circular fibres {m) 
predominate, and how the longitudinal fibres are thrown into ridges during 
contraction. 
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Hg. S5. Horizontal section of cervix and prostate in adult male. 

a. Longitudinal fibres from right lateral wall of bladder passing across to left 
lateral aspect of prostate (d). % 

c. Longitudinal fibres from left wall of lateral bladder passing to right lateral 
aspect of prostate (If), 

m. Some of the terminal loops of the posterior figure-of-eight fibres. 

0. Oblique passage of urethra. 

Fig. 36. Right lateral view of heifer’s bladder in a state of contraction. Shows anterior 
(a h) and posterior (op) longitudinal fibres raised in the form of ridges. The 
lateral ridge (s) is less strongly marked than those marked ah^ op. 

m. Oblique and very oblique or circular fibres mixed up with the longi- 

tudinal. 

Fig. 37. Horizontal section of cervix and prostate nearer centre of gland (male). 

a. Longitudinal fibres from right lateral wall of bladder proceeding to right 
side of prostate (h) and across to left side of bladder (c). 
c. Longitudinal fibres from left lateral wall of bladder proceeding to left side 
of prostate (d) and across to right side of bladder (a). 

n. Peculiar stellate arrangement of fibres. 

F"ig. 38. Posterior view of cat’s bladder in the contracted state, showing longitudinal 
fibres (a elevated into ridges; the central posterior ridge (op) 
having oblique fibres (g t) proceeding from beneath it. 

PLATE V. 

Diagram 1 represents in outline the various sets of fibres occurring on the anterior 
aspect of the bladder, as seen in layers 1, 2, 3, & 4. 
ah. Longitudinal or vertical fibres forming layer 1. 

c d ef. Slightly oblique spiral figure-of-eight fibres embracing urachus (.r) and 
urethra (h) posteriorly and forming layer 2. 
g h ij. Oblique spiral figure-of-eight fibres embracing upper third of bladder 
and lower portion of cervix posteriorly and forming layer 3. 
k I m n. Very oblique spiral figure-of-eight fibres embracing lower two-thirds 
of bladder and upper portion of cervix posteriorly, and forming the 
fourth or central layer. The fibres of this layer enter principally into 
the formation of the sphincter, and, contrary to the received opinion, cross 
each other at very obtuse vertical angles. 

Diagram 2 shows the same as diagram 1, and, in addition, the manner in which the 
sphincter, and fourth or circular layer is formed posteriorly. 
gj. Terminal expansion or loop representing the spiral oblique fibres which 
spread out on the upper third of the bladder posteriorly, and assist in 
forming the central, transverse, or circular layer in this direction. Its 
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concomitant or companion loop embraces the cervix postmorly, ai^ 
agists in forming the posterior lip of the sphincter vesicffi. 
k n, U' n". Terminal expansions or loops representing very oblique 
spiral figure-of-eight fibres, forming the lower two-thirds of the fourth or 
central layer posteriorly. Their companion loops occur on the posterior 
aspect of the ceiwix, and are principally concerned in the formation of 
the posterior lip of the sphincter [m h m' m” I"). The sphincter and 
the other portions of the fourth or central layer, as will be seen from 
this explanation, are not composed of circular fibres as is generally 
believed. 

Diagi*am 3 represents the various sets of fibres occurring on the posterior aspect of the 
bladder, as seen in layers 1, 2, 3, & 4. 
oj). Longitudinal or vertical fibres forming layer 1. 

qrst. Slightly oblique spiral figure-of-eight fibres embracing machus and 
urethra anteriorly, and forming layer 2. 
u v w s. Oblique spiral figure-of-eight fibres embracing upper third of 
bladder and low’er portion of cervix anteriorly, and forming layer 3. 
yi/ zz'. Very oblique spiral figui'e-of-eight fibres embracing lower two-thirds 
of bladder and upper portion of cervix anteriorly, and forming the fourth 
or central layer. 

Diagram 4 shows the same as diagram 3, and, in addition, the manner in which the 
sphincter and fourth or central layer is fomed anteriorly. 
u X. Terminal expansion or loop representing the spiral oblique fibres which 
spread out on the upper third of the bladder anteriorly, and assist in 
forming the central, transverse, or circular layer in this direction. Its 
companion loop embraces the cervix anteriorly, and assists in forming the 
anterior lip of the sphincter. 

y' z, y' z\ y' z’\ Terminal expansions or loops representing the vei*y oblique 
spiral figure-of-eight fibres, forming the lower two-thirds of the fourth 
or central layer anteriorly. Their companion loops occur on the 
anterior aspect of the cer\4x, and are principally concerned in the 
formation of the sphincter, 2 y', zi/jZ y’. 

Diagram 5 represents the various sets of fibres occurring on the left lateral aspect of the 
bladder, as seen in layers 1, 2, 3, & 4. 

a h, op. Anterior and posterior longitudinal fiihres, as seen in layer 1. 
cde^st. Slightly oblique spiral figure-of-eight fibres embracing urachus (x) 
and urethra, as seen in layer 2. 

g h h\ i i'j. Oblique spiral figure-of-eight fibres spreading out on upper third of 
right side of bladder and right side of sphincter, as seen in layer 3. 
klmn. Very oblique spiral figure-of-eight fibres embracing lower two-thirds 
of right side of bladder and right side of sphincter. 
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l^^ram 6 represents the manner in which the sphincter and the fourth or oent^ 
layer is formed on the right side of the bladder. 

k Thy Icn^k n. Terminal expansions or loops formed by the very oblique spiral 
figure-of-eight fibres which spread out on the right side of the bladder 
and form the fourth or circular layer in this situation. Their companion 
loops occur on the left side of the cervix, and contribute to the formation 
of the sphincter in this situation (m mmyll 1). 

Diagram 7. Horizontal section of fundus, cervix, prostate, and urethra of adult male. 

Shows relation of ureters to each other, to fibres of trigone, verumontanum. &c. 
VyZ. Ureters continued into each other at and connected more or less 
directly with the longitudinal (<?'), slightly oblique (cc), oblique (y^), 
and veiy oblique (kk) fibres of the trigone. Those fibres converge 
towards, and in many instances cross at the verumontanum (6’), where 
they terminate. A considerable number, however, are continued down- 
ward:^ oil the membranous portion of the urethra {a”), 
in.m'. External half of right and left wall of bladder splitting up (^^?/) a 
certain proportion of the fibres (p2^'} going to the prostate gland (q q ) ; 
the greater number to the urethra (o o'). See diagram 8. 

Diagram S. Vertical section of neck of bladder, urethra, and prostate (enlarged). 

Shows how the uretlira is to he i*egarded as the proper continuation of the 
bladder in an aiitero-posterior direction, and how the prostate is formed by 
the splitting uj) of the four outer tunics of the bladder. 

1 Longitudinal fibres of first layer splitting up at cervix — a certain number 
(<zr/) investing the prostate (q) on its dorsal aspect; some proceeding to 
the dorsal surface of the urethra 5'), and some (o') to the under or 
ventral surface of the prostate (q'). 

J-. Slightly oblique spiral fibres of second layer splitting up (d), and passing 
into the substance of the prostate (d' d’ d') and into the second layer of 
the urethra (e e). 

' Oblique spiral fibres of third layer splitting up {f ) ; some passing through 
the prostate (f'f)y others proceeding to the third layer of the urethra. 

4 Cut ends of a portion of the very oblique spiral fibres of fourth layer, form- 
ing the so-called circular fibres of the prostate the remainder 

occupying the centre of the walls of the urethra. 

1 . 3 & 8. The three external layers of the bladder and urethra, 

4 The Central or circular layer. A portion of each of these layers, as has 
been explained, go to form the prostate. 

The three internal layers of the bladder and urethra. These layers 
are peculiar to the urethra, and are quite distinct from the three 
external layers forming the prostate and the outer half of the urethra, 
unless in the region of the verumontanum, where they are more or less 
blended with them. 
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Bia^m 9 illustrates the structure of the prostatic portion of the urethra, and the rela- 
tion of the ureters to each other and to the urethra, as seen in the inverted 
bladder, 

flJ. Longitudinal submucous fibres continued on the urethra. 
h Ditto, posterior longitudinal fibres. 

c. Slightly oblique spiral fibres curving forward on the urethra. 
g. Ditto, oblique spiral fibres. 
z. Similar fibres from the right ureter. 

V. Verj* oblique spiral fibres from the left ureter curving round the urethra {1), 
s. The fibres of the right ureter passing across to join mth those of the left 
in the mesial line (5). 

Diagram 10 shows the conformation of the fundus and the bilatei*al nature of the 
sphincter in the inverted bladder, the prostatic portion of urethra being 
removed. In this diagram the anterior and posterior sets of fibres only are 
shown. 

a b. Anterior and posterior longitudinal submucous fibres. 
in, III. Terminal expansions or loops of the very oblique spiral fibres form- 
ing the fourth layer at the fundus posteriorly, and especially concerned 
in the formation of the anterior lip of the sphincter (I'), 
y yy, y y y^ Terminal expansions or loops of the very oblique spiral fibres 
forming the fourth layer at the fundus anteriorly, and especially con- 
cerned in the formation of the posterior lip of the sphincter (y). 
r and s. Spiral oblique fibres from the right and left ureters (z v), which 
give off filaments to assist in the formation of the sphincter (i' y'). 

Diagrams 11, 12, 13, 14, 15, 1C, 17, 18, & 19. Accurate outline sketches of transverse 
sections of male prostate and urethra, showing the precise shape and degree 
of obliquity in the urethral canal at diffei-ent points, and the part which the 
verumontanum plays in the closure of it. (Dissections preserved.) 

a. Urethra at base of prostate, oval in shape, and quite open. 

b. Urethra a little further forward, oval, floor (/) slightly elevated, 

c. Urethra somewhat triangular in shape ; the verumontanum (Jc) beginning 

to pi’oject from the floor or base of the triangle. 
d and e. Urethra more decidedly triangular, the verumontanum {I and m) 
projecting to such an extent as almost to obliterate the urethral canal. 
f and g. Urethra bayonet-shaped and entirely closed by the projection of the 
verumontanum («, o), which acts at this point as a mechanical wedge. 

Ii i 'l) q. Urethra circular in form and again becoming patent. 

Diagram 20. Sketch of preparation showing the anterior {/) and posterior (y) lips of the 
sphincter at the cer\dx. 



IV. On the Dynamical Theory of Gases. By J. Clekk Maxwell, F.B.S. L. & JE 


Kt-eeived Mar 10,— Road ifav 31, ISfJfJ. 


Tiieoeies of the constitution of bodies suppose them either to be continuous and homo- 
geneous. or to be com])Osed of a finite number of distinct particles or molecules. 

In certain applications of mathematics to physical questions, it is convenient to 
suppose bodies homogeneous in order to make the quantity of matter in each differential 
element a function of the coordinates, but I am not aware that any theory of this kind 
has been proposed to account for the different properties of bodies. Indeed the pro- 
perties of a body supposed to be a uniform plenum may be affirmed dogmatlcali5^ but 
cannot be explained mathematically. 

INIolecular theories suppose that all bodies, even when they appear to our senses 
homogeneous, consist of a multitude of particles, or small parts the mechanical rela- 
tions of which con'^titute the properties of the bodies. Those theories which suppose 
that the moh^cules are at rest relative to the body may be called statical theories, and 
those wliidi suppose the molecules to be in motion, even while the body is apparently 
at rest, may be called dynamical theories. 

If we ado])t a statical theory, and suppose the molecules of a body kept at rest in their 
positions of equilibriuiri by the action of forces in the directions of the lines joining tlieir 
cent] es. we may determine tlie mechanical properties of a body so constructed, if distorted 
so that the displacement of each molecule is a function of its coordinates when in equi- 
librium. It appears from the mathematical theory of bodies of this kind, that the forcc-s 
called into play by a small change of form must always bear a fixed proportion to those 
excited by a small change of volume. 

NowAve knoAv that in fluids the elasticity of form is evanescent, while that of volume 
is considerable. Hence such theories Avill not apply to fluids. In solid bodies the 
elasticity of form appears in many cases to be smaller in proportion to that of volume 
than tlie theory gives*, so that we are forced to giA’e up the theoi'v of moh'cules Avhose 
displacements are functions of their coordinates AA'hen at rest, even in the case of solid 
bodies. 

The theory of moving molecules, on the other hand, is not open to these objections. 
Th(' mathematical difficulties in applying the theory are considerable, and till they are 
surmounted Ave cannot fully decide on the applicability of the theory. We are able, 
however, to explain a great variety of phenomena by the dynamical theory which have 
not been hitherto explained othenvise. 

The dynamical theory supposes that the molecules of solid bodies oscillate about their 

* [In glass, according to Dr. Evekext's second senes of experiments ( 1 ^ 60 ), the ratio of the ela-tioiy of form 
to that of volume is greater than that given by the theory. In brass and steel it is less. — March 7, 1S67.] 
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positions of equilibrium, but do not travel from one position to another in the body. 
In fluids the molecules are snp]iosed to be constantly mo\ing into new relative positions, 
so that the same molecule may travel from one part of the fluid to any other part. In 
liquids the molecules are supposed to be always under the action of the forces due to 
neighbouring molecules throughout thcii' course, but in gases the greater part of the 
path of each molecule is supposed to be sensibly rectilinear and beyond the sphere of 
sensible action of the neighbouring molecules. 

I propose in this paper to apply this theory to the explanation of \arious properti(*s 
of gases, and to show that, besides accounting for the relations of pressure, density, and 
temperature in a single gas, it afibrds a meclianical explanation of the known cheniical 
relation between the density of a gas and its equivalent u eight, commonly called the 
Law of Equivalent Volumes. It also explains the diffusion of one gas through another, 
the internal friction of a gas, and the conduction of heat through gases. 

The opinion that the observed properties of visible bodies apparently at rest aje due 
to the action of invivsible molecules in rapid motion is to be found in LucREXirs. In tlu‘ 
exposition wliich he gives of the theories of Democritus as moditied by Epicurus, he 
describes tlie invisible atoms as all moving downwards with equal velocities, which, at 
quite uncertain times and place<5. suffer an impel ceptihle change, just enough to allow 
of occasional collisions taking place between the atoms. These atoms ho sn]q)o&('s to 
set small bodies in motion by an action of which we may form some concejition by 
looking at the motes in a sunbeam. The language of Lucretius must of cour‘^e be 
interpreted according to the physical ideas of his age. hut we need not wond{n- that it 
suggested to Le Sage the fundamental conception of his theory of gases, as well as his 
doctrine of ultramundane corpuscles. 

Professor Clausius, to w'hom we owe the most extensive developments of the dynamical 
theory of gases, has given ^ a list of authors who have adopted or given countenanec to 
any theory of invisible particles in motion. Of tiiese, Daxiel Bernoulli, in the tenth 
section of his ‘ Hydrodynamics,’ distinctly explains the pressure of air by the impact of 
its particles on the sides of the vessel containing it. 

Clausius also mentions a book entitled ‘‘Deux Traites de Physique Mecanique, publics 
par Pierre Prevost, comme simple Editeur du premier et comme Auteur du second,” 
Geneve et Paris, 181(S. The first memoir is by G. Le Sage, who explains gravity by 
the impact of “ ultramundane corpuscles ” on bodies. These corpuscles also set in 
motion the particles of light and various sethercal media, which in their turn act on the 
molecules of gases and keep up their motions. His theory of impact is faulty, but his 
explanation of the expansive force of gases is essentially the same as in the dynamical 
theory as it now stands. The second memoir, by Prevost, contains new applications of 
the principles of Le Sage to gases and to light. A more extensive application of the 
theory of moving molecules was made by IlERArATiif. His theory of the collisions of 

* Poggexdokff's ‘ AuualeB,' Jan, 18G2. Translated by G. G. Fostes, E.A., Phil. Mag. June 1862. 

t Mathematical Physics, &c., by John Heeapath, Esq. 2 vols. London : Wbittaker & Co., and Herapath's 
Eailway Journal Office, 1847. 
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perfectly hard bodies, such as he supposes the molecules to be, is faulty, inasmuch as it 
makes the result of impact depend on the absolute motion of the bodies, so that by 
experiments on such hard bodies (if we could get them) we might determine the absolute 
direction and velocity of the motion of the eartli * * * § This author, however, has applied 
his theory to the numerical results of experiment in many cases, and his speculations are 
always ingenious, and often throw much real light on the questions treated. In parti- 
cular, the the(»ry of temperature and jnessure in gases and the theory of diffusion are 
clearly pointed out. 

Dr. JouLEf has also explained the pressure of gases by the impact of their molecules, 
and has calculated the \elocity which they must have in order to produce the pressure 
observed in ])artic‘ular gases. 

It is to Frofessor Cl.iusius, of Zurich, that we owe the most comjdete dynamical 
theory of gases. Ills otlna* researches on tlie general dynamical theory of heat are well 
known, and his memoir'; “ On the kind of Motion which we call Heat.” are a complete 
ex])ositi()n of the molecular theory adopted in this paper. After reading his investiga- 
tion J of the distance described by each molecule between successive collisions. I pub- 
lished some ])ropositions<^ on the motions and collisions of perfl'ctly elastic spheres, and 
deduced several jiropeities of gases, especially the law of equivalent volumes, and the 
natuic of gaseous friction. I aho gave a theory of diffu'^ion of gases, which I now 
know’ to be eiroiieous. and theie -were sco cral errors in my tlieor} of the conduction 
of heat ill gus^s wdiicii M. Clausius has pointed out in an elaborate memoir on that 
subject )!. 

M. O. E. also investigated the theory of internal friction on the hypo- 

thesis of hard clastic molecules. 

In tlie present pa]>er 1 propose to consider the molecules of a gas, not as elastic spheres 
of detinite radius, hut as small bodies or groups of smaller molecules repelling one 
aiiotlier with a force wdiose direction ahvays pass{'s very nearly through the centres of 
gravity of the molecules, and ivho.se magnitude is represented very nearly by some 
function of the distance of the centres of gravity. I have made this modification of the 
theory m consequence of the results of ray expeiiments on the viscosity of air at different 
temperatures, and I have deduct'd from these experiments that the repulsion is iinersely 
as ihajiftli power of the distance. 

If we suppose an imaginary plane draivn through a I’cssel containing a great number 
of such molecules in motion, then a great many molecules will cross the plane in either 
direction. The excess of the mass of those which traverse the piano in the positive 

* Mathematical Physics, &c., p. 134. 

t Some licmarks on Heat and the Constitution of Elastic Fluids, Get. Ik 

: Phil. Mag. Feb. L^r,9. 

§ Illustrations of the Dynamical Theory of Gases, Phil. Mag. 1 8(>0, January and July. 

;| PoGGE>’i)«Rj*i^, Jan. 1802; Phil. Mag. June 18G2. 

^ Leber die innere Ileibung der Gase (Poguendorff, vol. exxv. 1865). 
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direction over that of those which traverse it in the negative direction, gives a measure 
of the flow of gas through the plane in the positive direction. 

If the plane be made to move v\ith such a velocity that there is no excess of flow of 
molecules in one direction through it, then the velocity of the plane is the mean velocity 
of the gas resolved normal to the plane. 

Theie will still be molecules moving in both directions through the plane, and carry- 
ing with them a certain amount of momentum into the portion of gas which lies on the 
other side of the plane. 

The quantity of momentum thus communicated to the gas on the other side of tlie 
plane during a unit of time is a measure of the force exerted on this gas by the rest. 
Tliis force is called the pressui e of the gas. 

If the velocities of the inoleculeb moving in different directions were independent of 
one another, then the pressure at any point of the gas need not be the same in all direc- 
tions, and the pressure between two portions of gas separated by a plane need not be 
perpendicular to that plane. Hence, to account for the observed equality of pressure in 
all directions, we must suppose some cause equalizing the motion in all directions. 
This we find in the deflection of the path of one particle by another when they come near 
one another. Since, however, this equalization of motion is not instantaneous, the pres- 
sures in all directions are perfectly equalized only in the case of a gas at re.st, but when 
the gas is in a state of motion, the want of perfect equality in the pressures gives rise to 
the phenomena of viscosity or internal friction. The phenomena of viscosity in all 
bodies may be described, independently of hypothesis, as follows : — 

A distortion or strain of some kind, vv hich we may call S, is produced in the body by 
displacement. A state of stress or elastic force which we may call F is thus excited. 
The relation between the stress and the strain may be written F=ES, where E is the 
coefficient of elasticity for that particular kind of strain. In a solid body free from vis- 
cosity, F will remain =ES, and 

d¥ d$) 

If, however, the body is viscous, F will not remain constant, but will tend to disappear 
at a rate depending on the value of F, and on the natui*e of the body. If we suppose 
this rate proportional to F, the equation may be written 

dt —^dt ~T’ 

which will indicate the actual phenomena in an empirical manner. For if S be constant, 

F=ESe’"^ 

showing that F gradually disappears, so that if the body is left to itself it gradually 
loses any internal stress, and the pressures are finally distributed as in a fluid at rest. 

If ^ is constant, that is, if there is a steady motion of the body which continually 
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increases the displacement, 

F=ETf+C.-C 

showing that F tends to a constant Talue depending on the rate of diJsplacement. The 
quantity FT, by which tln^ rate of displacennmt must be multiplied to get the force, may 
be called the coefficient of viscosity. It is the product of a coefficient of elasticity, E, 
and a time T. which may be called the “time of relaxation” of the elastic force. In 
mobile fiuidsT is a very small fraction of a second, and E is not easily determined experi- 
mentally. In viscous, .solids T may be several hours or days, and then E is easily mea- 
sured. It is })ossibi(‘ that in some bodies T may be a function of F, and this would 
account for the gradual untwisting of wires after being twisted beyond the limit of per- 
fect elasticity. Foi if 1' diminishes as F increases, the parts of the ii\ire furthest from 
the axis will yit'ld more* rapidly than the parts near the axis during the twisting process, 
and when the twisting force is removed, the wire will at first untwist till there is equi- 
librium between the stresses in the inner and outer portions. These stresses will then 
undergo a gradual relaxation, but sinc(' the actual value of the stress is greater in the 
outer hneis, it will haic a more rajnd late of relaxation, so that the wire will go 
on gradually untwi.sting for some liouis cr days, owing to the stress on the interior 
portions maintaining itscdf longer than that of the outer parts. This phenomenon 
was observed by Wleer in ‘>ilk fibres, by Kohlrau.sch in glass fibres, and by myself in 
steel nirt's. 

In the CUM' of a colh*ction of moving molecules such as we suppose a gas to be, there 
is also a resiNtance to change of form, constituting what may be called the linear elasti- 
city, or ** rigidity *’ of the gas, but this resistance gi\es ivay and diminishes at a rate de- 
pending im the amount of the force and on the nature of the gas. 

Suppose tlie molecnh‘s to be confined in a rectangular vessel with perfectly elastic 
sides, and that they ha^e no action on one another, so that they never strike one another, 
or cause each other to deviate from their rectilinear paths. Then it can easily be shown 
that the pressures on the sides of the vessel due to the impacts of the molecules aie per- 
fectly independent of each other, so that the mass of moving molecules will behave, not 
like a fluid, but like an elastic solid. X*ow suppose the pressures at first equal in the 
three directions perpendicular to the skiers, and let the dimensions ff, 5, c of the vessel 
be altered by small quantities, 5a, 5^, or. 

Then if the original pressure in the direction of a was it will become 

sr if there is no change of volume, 

^=-2 
p ^ a 

showing that in this case there is a “ longitudinal ” elasticity of form of which the coeffi- 
cient is 2j^. The coefficient of “Rigidity” is therefore =y?. 
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This rigidity, however, cannot be directly observed, because the molecules continually 
deflect each other from their rectilinear courses, and so equalize the pressure in all dir(‘C- 
tions. The rate at which this equalization takes place is great, but not infinite ; and 
therefore there remains a certain inequality of pressure which constitutes the pheno- 
menon of viscosity. 

I have found by experiment that the coefficient of viscosity in a given gas is indepen- 
dent of the density, and proportional to the absolute temperature, so that if ET be the 

viscosity. ET cc 

g 

But , therefore T, the time of relaxation, varies inversely as the density and is 
independent of the temperature. Hence the number of collisions producing a gi\en de- 
flection which take place in unit of time is independent of the temperature, that is, of the 
velocity of the molecules, and is proportional to the number of molecules in unit of 
volume. If we suppose the molecules hard elastic bodies, the number of collisions of a 
given kind will be proportional to the velocity, but if we sup})ose them centres of force, 
the angle of deflection will be smaller when the velocity is greater; and if the force is 
inversely as the fifth power of the distance, the number of d(ffiectioiis of a given kind will 
be independent of the velocity. Hence I luive adopted this law in making my calcu- 
lations. 

The effect of the mutual action of the molecirles is not only to equalize the pressure 
in all directions, but, when m<>ieculcs of difFcieiit kinds are present, to communicate 
motion from the one kind to the other, I formerly showed that the flnal result in the 
case of hard elastic bodies is to cause the average vis viva of a molecule to be the same 
for all the different kinds of molecules. Now the pressure due to each molecule is pro- 
portional to its vis viva, hence the whole pressure due to a givcm number of molecules 
in a given \olume will be the same whatever the muss of the moleculch, provided the 
molecules of different kinds are permitted freely to communicate motion to each other. 

When the flow of vis viva from the one kind of molecules to the other is zero, tlie 
temperature is said to be the same. Hence equal volumes of different ga^es at equal 
pressures and temperatures contain equal numbers of molecules. 

This result of the dynamical theory affords the explanation of the law of equivalent 
volumes ” in gases. 

W e shall see that this result is true in the case of molecules acting as centres of force. 
A law of the same general character is probably to be found connecting the tempera- 
raturcs of liquid and solid bodies with the energy possessed by their molecules, although 
our ignorance of the nature of the connexions between the molecules renders it difficult 
to enunciate the precise form of the law. 

The molecules of a gas in this theory are those portions of it which move about as a 
single body. These molecules may be mere points, or pure centres of force endowed 
with inertia, or the capacity of performing Avork while losing velocity. They may be 
systems of several such centres of force, bound together by their mutual actions, and in 
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this case the dilFerent centres may either be separated, so as to form a group of points, 
or they may be actually coincident, so as to form one point. 

Finally, if necessary, we may suppose them to be small solid bodies of a detern^inate 
form ; but in this case we must assume a new" set of forces binding the parts of these 
small bodies together, and so introduce a molecular theory of the second order. The 
doctrines that all matter is extended, and that no tw"o portions of matter can coincide in 
the same place, being deductions from our experiments with bodies sensible to us, have 
no application to the theory of molecules. 

The actual energy of a moving body consists of two parts, one due to the motion of its 
centre of gravity, and tlie other due to tlie motions of its parts relative to the centre of 
gravity. If the bodvih of invariable form, the motions of its parts relative to the centre 
of gravity consist entirely of rotation, but if the parts of the body are not rigidly con- 
nected, their motions may consist of oscillaiions of various kinds, as w^ell as rotation of 
the whole body. 

The mutual inteiference of the molecules in their courses will cause their energy of 
motion to he distributed in a certain ratio between that due to the motion of the centre 
of gravity and that due to the rotation, or other internal motion. If the molecules are 
pure centre^' of force, then* can he no energy of rotation, and the whole energy is reduced 
to that of translation ; hut in all otlier cases the whole energy of the molecule may be 
represented by -^Mr/3. where j3 is the ratio of the total energy to the energy of transla- 
tion. 'fhe ratio |(3 wdll he diffi'rent for every molecule, and will be different for the same 
molecule alter every enr-ouiitcr wdth another molecule, but it wdll have an average value 
dependiiig on the nature of the molecules, as has been sliowui by Clausius. The value 
of f3 can be dcteniiiued if we know" either of the specific heats of the gas, or the ratio 
between them. 

The metliod of investigation which I shall adopt in tlic follow'ing paper, is to deter- 
mine the mean values of the following functions of the velocity of all the molecules of a 
gi’i’en kind witliin an (dement of volume : — 

(a) the mean velocity resohed parallel to each of the coordinate axes; 

(/3) the mean values of functions of two diniensions of these component velocities ; 

( 7 ) the mean values of functions of thri'c dimensions of these velocities. 

The rate of translation of the gas. w’hcther by itself, or by diffusion through another 
gas, is given by (a), the pressure of the gas on any plane, whether normal or tangential 
to the plane, is given by (f 3 ), and the rate of conduction of heat through the gas is given 
by (y). 

I propose to determine the variations of these quantities, due, 1st, to the encounters 
of the molecules with others of the same system or of a different system ; 2 nd, to the 
action of external forces such as gravity ; and 3 rd, to the passage of molecules through 
the boundary of the element of volume. 

1 shall then apply these calculations to the determination of the statical tases of the 
final distribution of two gases under the action of grarity, the equilibrium of tempe- 
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rature between two gases, and the distiibution of temperature in a vertical column. 
These results are independent of the law of force between the molecules. I shall also 
consider the d}mamical cases of ditfusion, viscosity, and conduction of heat, which 
involve the law of force between the molecules. 

0)1 the Mutual Action of Two Molecules. 

Let the masses of these molecules be M„ M^, and let their velocities resolved in three 
directions at right angles to each other be and The components of 

the velocity of the centre of gi’avity of the two molecules will be 

4 - IM, 

+ % ’ M1 + M2 ’ + ‘ 

The motion of the centre of gravity will not be altered by the mutual action of the 
molecules, of whatever nature that action may be. We may therefore take' the centre 
of gravity as the origin of a system of coordinates moving paralhd to itself with uniform 
velocity, and consider the alteration of the motion of each particle with reference to this 
point as origin. 

If we regard the molecules as simple centres of force, then each molecule uill desciila* 
a plane curve about this centre of gravity, and the two curves will be similar to each 
other and symmetrical with respect to the line of apses. If the molecuh's mo\e with 
sufficient velocity to carry them out of the sphere of their mutual action, their orbits 

will each have a pair of asymptotes inclined at an angle ^ to the line of apses. The 

asymptotes of the orbit of Mj will be at a distance from the centre of gravity, and 
those of M 2 at a distance § 2 ? where 

The distance between two parallel asymptotes, one in each orbit, will be 

b=b,-^b,. 

If, while the two molecules are still beyond each other’s action, we draw a straight 
line through Mj in the direction of the relative velocity of Mj to AL, and draw from Alg 
a perpendicular to this line, the length of this perpendicular will be h, and the plane 
including b and the direction of relative motion will be the plane of the orbits about 
the centre of gravity. 

When, after their mutual action and deflection, the molecules have again reached a 
distance such that there is no sensible action between them, each will be moving with 
the same velocity relative to the centre of gravity that it had before the mutual action, 
but the direction of this relative velocity will be turned through an angle 2^ in the plane 
of the orbit. 

The angle ^ is a function of the relative velocity of the molecules and of b, the form 
of the function depending on the nature of the action between the molecules. 

If we suppose the molecules to be bodies, or systems of bodies, capable of rotation, 
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intemal vibration, or any form of energy other than simple motion of translation, these 
results will be modifi^. The value of 6 and the final velocities of the molecule will 
depend on the amount of internal energy in each molecule before the encounter, and 
on the particular form of that energy at every instant during the mutual action. We 
have no means of determining such intricate actions in the present state of our know* 
ledge of molecules, so that we must content ourselves with the assumption that the value 
of 6 is, on an avemge, the same as for pure centres of force, and that the final velocities 
differ from the initial velocities only by quantities which may in each collision be 
neglected, although in a great many encounters the energy of translation and the internal 
energy of the molecules arrive, by repeated small exchanges, at a final ratio, which we 
shall suppose to be that of 1 to /3— 1. 

We may now determine the final velocity of M, after it has passed beyond the sphere 
of mutual action between itself and Mj. 

Let V be the velocity of M, relative to Mg, then the components of V are 

la? ^2) 92* 

The plane of the orbit is that containing V and h. Let this plane be inclined ^ to a 
plane containing V and parallel to the axis of x ; then, since the direction of V is turned 
round an angle 2d in the plane of the orbit, while its magnitude remains the same, we 
may find the value of after the encounter. Calling it 

There will be similar expressions for the components of the final velocity of M, in the 
other coordinate directions. 

If we know the initial positions and velocities of M, and Mg we can determine V, the 
velocity of M, relativt' to Mg ; b the shortest distance between M, and M* if they had 
continued to move with uniform velocity in straight lines ; and (p the angle which deter- 
mines the plane in which V and b lie. From V and b we can determine d, if we know 
the law of force, so that the problem is solved in the case of two molecules. 

When we pass from this case to that of two systems of moving molecules, we shall 
suppose that the time during which a molecule is beyond the action of other molecules 
is so great compared with the time during which it is deflected by that action, that we 
may neglect both the time and the distance described by the molecules during the 
encoimter, as compared with the time and the distance described while the molecules 
are free from disturbing force. We may also neglect those cases in which three or more 
molecules are within each other’s spheres of action at the same instant. 

On the Mutual Action of Two Systems of Moving MolecuUs, 

Let the number of molecules of the first kind in unit of volume be K, , the mass of each 
being M,. The velocities of these molecules will in general be different both in magni- 
tude and direction. Let us select those molecules the components of whose velocities 

MDCCCLXVII. I 
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Ub betw^ 

^ and |,-f dii, and ??,4*d3!„ fj, and ?i-f d?i, 

let the BOBothwer of these molecules be <?Ni. The vdioeiti^ d iMlecule^ wffl 
be very nwly equal and pai-aliel. 

Ob ac^mat of the mutual actions of the molecules, the number of molecules which at 
a instent have velocities within given limits will be definite, so that 

m 

We shall consider the form of this function afterwards. 

Let the number of molecules of the second kind in unit of volume be and let 
of these have velocities between I, and and and where 

The velocity of any of the <ZX, molecules of the first system relative to the dNg mole- 
cules of the second system is Y, and each molecule M, will in the time M describe a rela- 
tive path Ylt among the molecules of the second system. Conceive a space bounded by 
the following surfaces. Let two cylindrical surfaces have the common axis Ylt and 
mdii h and h-^dh. Let two planes be drawn through the extremities of the line \lt 
perpendicular to it. Finally, let tw’o planes be drawm through making angles <p and 
(p-\-d(p with a plane through V parallel to the axis of w. Then the volume included 
between the four planes and the two cylindric surfaces will be \Mbd<filt 

If this^volume includes one of the molecules Mg, then during the time there will be 
an encounter bet>veen Mj and in which h is betw^een h and b-^dh^ and p between p 
and p-^dp. 

Since there are dNi molecules similar to and d'No similar to of volume, 

the whole number of encounters of the given kind betw’een the two systems will be 

Now let Q be any property of the molecule Mj, such as its velocity in a given direction, 
the square or cube of that velocity or any other property of the molecule which is altei^ 
in a known manner by an encounter of the given kind, so that Q becomes Q the 
encounter, then during the time St a certain number of the molecules of the fir^ kisd 
have Q chcmged to Q', while the remainder retain the original value of Q, so that 

BQdN, = (Q^ - QjYbdbdpbtdn.d^i , , 

or 

^’={Cy-Q)Va<iJrf?i<?N,dN, (3) 

Here refers to the alteration in the sum of the values of Q for the (ZN, molecules, 
due to their encounters of the given kind with the dN^ niolecules of the second sort. 
In order to determine the value of \ the rate of alteration of Q among all the 
moiecales of the first kind, we must perform the following integrations: — ; 
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1ft, wA le^ct to ^ &om f =0 to f^2T. 

2nd, with respect to d from 5=0 to 5=oo . Tliese operations will give the re^ts «f 
the epcojQn^ers of every kind between the dN, and dN, mol«;ul^. 

Srd, with respect to dNg, or 

4th, with respect to dN,, or/i(|,)j,^,)(^|id^,d^,. 

These operations require in general a knowledge of the forms of/j and/g. 

1st. Integration with respect to ip. 

Since the action between the molecules is the same in whatever plane it takes place, 

n2v 

we sh^ first determine the value of I (O'— -Qjdip in several cases, making Q ^me 

Jo 

function of ??, and 
(a)^ Let 9= and Q'=|i, then 

(4) 

(^) Let Q=^ and 0'=!?, 

By transformation of coordinates we may derive from this 

with similar -expressions for the other quadratic frmetions of j?, 

(y) Let and then putting 4- 

g4-^l+?I=V|, and we find 

f '(l'.v?-l.v;)#= 4^ sin' «{(|,_^,)V;+ 2 i(U- v;} 

s • t • • C?) 

■+ ( ia;^ vj V H 2 t sin* 2#)5, V’ 

These are the principal functions of f whose changes we shall have' to consider ; we 

shall indicate them by the symbols a, or 7 , according as the function of the velocity 
is of one, two, or three dimensions. 


2ttd. Integration mtk reject to b. 

We have next to multiply these expressions by bdb, and to integrate with resj^t to 
b from 5=0 to 5 = 00 . We must bear in mind that 6 is a function of h and V, and (an 
only be d^ermined when the law of force is known. In the expressions which we hav« 

i2 
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to deal with, 0 occurs under two forms only, namdy, and mn®20» H titeefore, we 
can find the Talnes of 

B,=j* hchdb sin * and (8) 

we cm integrate all the expressions with respect to i. 

B| and B, will be functions of V only, the form of which we can determine only in 
particular cases, sdter we have found 0 as a function of b and V* 


Betermination of ^ for certain laws of For ce^ 

Let us assume that the force between the molecules Mj and Mj is repulsive and varies 
inversely as the %th power of the distance between them, the value of the moving force 
at distance unity being K, then we find by the equation of central orbits. 


^ 


( 9 ) 


where x=-, or the ratio of h to the distance of the molecules at a given time : x is there- 
fore a numerical quantity ; a is also a numerical quantity and is given by the equation 






( 10 ) 


The liuiits of integration are er=:0 and where is the least positive root of the 
equation 






( 11 ) 


It is evident that 0 is a function of a and «, and when n is known 0 may be expressed 
as a function of a only. 

Also 


so that if w'e put 


Ai = l 4radasin*S, A 2 =l wa(?«sin®20, » 
Jo ' Jo 


( 12 ) 

(13) 


Aj and Ag %vill be definite numerical quantities which may be ascertained when n is given, 

and B, and Bg may be found by multiplying A, and Ag by 

Before integrating further we have to multiply by V, so that the form in which V 
will enter into the expressions which have to be integrated with respect to dN, and cJN, 
win be 


»— 6 
Y«-i 

It will be shown that we have reason from experiments on the viscosity of gases to 
believe that In this case V will disappear from the expressions of the form (3), 

and they will be capable of immediate int^iration with respect to dNi and 
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If we assume and put a^=2 cot*2p and 5 r=:V*^l— tan“^ cos 4/, 

j— «= v'cos 29 j*’ 

=V'cor2p F.„,, 

wkere is tlie complete elliptic function of the first kind and is given in Legendre’s 
Tables. I have computed the following Table of the distance of the asymptotes, the 
distance of the apse, the value of 5, and of the quantities whose summation leads to Aj 
and Ag. 





Distance 

0 

sm^0 

sm^20 




of apse. 


sin^ 2^ 


0 

0 

infinite 

infinite 

6 0 

0 

0 

5 

0 

2381 

2391 

0 31 

•00270 

•01079 

]0 

0 

1658 

1684 

1 53 

•01464 

•03689 

15 

0 

1316 

1366 

4 47 

•02781 

•11048 

go 

0 

1092 

1172 

8 45 

•05601 

•21885 

25 

0 

916 

1036 

14 15 

•10325 

•38799 

30 

0 

760 

931 

21 42 

•18228 

•62942 

35 

0 

603 

845 

, 31 59 

•31772 

•71433 

40 

0 

420 

772 

47 20 

•55749 

1-02427 

41 

0 

374 

758 

51 32 

•62515 

•96763 

42 

0 

324 

745 

56 26 

•70197 

•85838 

43 

0 

264 

732 

62 22 

1 •78872 

•67868 

44 

0 

187 

719 

70 18 

-88745 

•40338 

44 

30 

132 

713 

76 1 

1 -94190 

•21999 

45 

0 

0 

707 

90 0 

i 1-00000 

•00000 



A, =j4?rada sin* ^=2*6695 

AjsrjVada sin*2fcl'3682 


The paths described by molecules about a centre of 
force S, repelling inversely as the fifth power of the 
distance, are given in the figure. 

The molecules are supposed to be originally moving 
with equal velocities in parallel paths, and the way in 
which their deflections depend on the distance of the path 
from S is shown by the different cun'es in the figure. 



3rd. Integration with respect dNi. 

We have now to integrate expressions involving various functions of ^5 r,, and V’ 
with resect to all the molecules of the second sort. We may write the expression to 
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be integrated 

where *Q is some function of 3?, &c., already determined, and is the functicm 

which indicates the distribution of Telocity among the molecules of the ^ond hind. 

In riie mse in which Y disappears, and we may write thte resalt of mtegrrtio»' 

QN^ 

where Q is the mean value of Q for all the molecules of the ^cond kind, and is the 
number of those molecules. 

If, however, n is not equal to 5, so that V does not disappear, we should require to 
know the form of the function^ before we could proceed further with the integration. 

The only case in which I have determined the form of this function is that of one or 
more kinds of molecules which have by their continual micounters brought about a 
distribution of velocity such that the number of molecules whose velocity lies within 
given limits remains constant. In the Philosophical Magazine for January 1860, I have 
given an investigation of this case, founded on the assumption that the probability of a 
molecule having a velocity resolved parallel to x lying between given limits is not in any 
way affected by the knowledge that the molecule has a given velocity resolved parallel 
to y. As this assumption may appear preairious, I shall now determine the form of the 
function in a different manner. 

On the Final Distribution of Velocity among the Molecules of Two Systems acting on one 
another according to any Law of Force. 

From a given point O let lines be drawn representing in direction and 
magnitude the velocities of every molecule of either kind in unit of 
volume. The extremities of these lines will be distributed over space 
in such a way that if an element of volume dV be taken anyw here, the 
number of such lines which will terminate within dVwill be j\r)dV^ 
where r is the distance of dV from O. 

Let OK=a be the velocity of a molecule of the first kind, and OB =5 that of a mole- 
cule of the second kind before they encounter one another, then BA will be the velocity 
of A relative to B ; and if we divide AB in G inversely as the masses of the molecule% 
and join OG, OG will be the velocity of the centre of gravity of the two molecules. 

Now let OA'=a' and OB' =5' be the velocities of the two molecules after the 
encounter, GA=GA' and GB=GB', and A'GB' is a straight line not necessarily in the 
plane of OAB. Also AGA'=2^ is the angle through which the relative velocity is 
turned in the encounter in question. The relative motion of the molecules is com- 
pletely defined if we know BA the relative velocity before the encounter, 2^ the angle 
through which BA is turned during the encounter, and (p the angle which defines the 
direction of the plane in which BA and B'A' lie. All encounters in which the magni- 
tude and direction of BA, and also 6 and <p. He within certain almost contiguous limits, 
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'm m eiwa^ers of the giYt® kind. Tte nmaber of such encoimto^ in unit 

of time will be 

( 17 ) 

where kj aiwf «2 are the numbers of molecules of each kind under consideration, and F 
m a famtion of the relative velocity and of the angle and de cbpends on the limits of 
variation within which we class encounters as of the same kind. 

Kow let A describe the boundary of an element of volume dV while AB and AB' 
move parallel to tibemselves, then B, A', and B' will also describe equal and similar 
dements of volume. 

The number of molecules of the first kind, the lines representing the velocities of 
whkh terminate in the element dV at A, will be 

n,=fMdy, ( 18 ) 

The number of molecules of the second kind which have velocities corresponding to OB 
will be 

n,=f,(h)dV; ( 19 ) 

and the number of encounters of the given kind betiveen these two sets of molecules 
nil! be 

( 20 ) 

The lines representing the velocities of these molecules after encounters of the given 
kind will terminate within elements of volume at A' and B', each equal to dV. 

In like manner we should find for the number of encounters between molecules 
whose oiiginal velocities coiTesponded to elements equal to dV described about A! and 
B', and whose subsequent velocities correspond to elements equal to dV described about 
A and B, 

f,{a%(by\^rde, ( 21 ) 

w'here F is the same function of B'A' and A'GA that F is of BA and AGA'. F is there- 
fore equal to F. 

When the number of pairs of molecules which change their velocities from OA. OB 
to OA' OB' is equal to the number which change from OA', OB' to OA, OB, then the 
final distribution of velocity will be obtained, which will not be altered by subsequent 
exchanges. This will be the case when 


/.(«)/’#)=/.W) (22) 

Now the only relation between a, b and a', h' is 

....... ( 23 ) 

whence we obtain 

^ . fM==0,e-i ( 24 ) 

where 

( 25 ) 

By integrating d^dnd^, and equating the result to Ni, we obtain the 

value of Cj. If, therefore, the distribution of velocities among Ki molecules is such that 
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the number of molecmles whose component velocities %m betw^a | # and 

and ^ and ^4“^^ is 




then this distribution of velocities will not be altered by the exchange of velcwdties amoi^ 
the molecules by their mutual action. 

This is therefore a possible form of the final distribution of velociti^ It is also the 
only form j for if there were any other, the exchange between velodties repr^ented by 
OA and OA' would not be equal. Suppose that the number of molecules having velo- 
city OA' increases at the expense of OA. Then since the total number of molecules 
corresponding to OA' remains constant, OA' must communicate as many to OA", and m 
on till they return to OA. 

Hence if OA, OA', OA", &c. be a series of velocities, there will he a tendency of each 
molecule to assume the velocities OA, OA', OA", &c. in order, returning to OA. Now 
it is impossible to assign a reason why the successive velocities of a molecule should be 
arranged in this cycle, rather than in the reverse order. If, therefore, the direct exchange 
between OA and OA' is not equal, the equality cannot be preserved by exchange in a 
cycle. Hence the direct exchange between OA and OA' is equal, and the distribution 
we have determined is the only one possible. 

This final distribution of velocity is attained only when the molecules have had a great 
number of encounters, but the great rapidity with which the encounters succeed each 
other is such that in all motions and changes of the gaseous system except the most 
violent, the form of the distribution of velocity is only slightly changed. 

When the gas moves in mass, the velocities now determined are compounded with the 
motion of translation of the gas. 

When the differential elements of the gas are changing their figure, being compressed 
or extended along certain axes, the values of the mean square of the velocity will be 
different in different directions. It is probable that the form of the function will then be 


where a, /3, y are slightly different. I have not, however, attempted to investigate the 
exact distribution of velocities in this case, as the theory of motion of ga^ d(^ not 
require it. 

When one gas is difiusing through another, or when heat is being conducted through 
a gas, the distribution of velocities w ill be different in the positive and negative directions, 
instead of being symmetrical, as in the case we have considered. The want of symmetry, 
however, may be treated as very small in most actual cases. 

The principal conclusions which we may draw from this investigation are as follows. 
Calling a the modulus of velocity, 

- 2 

1st. The mean velocity is 


(28) 
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2nd. The mean square of the velocity is 

.... 

(29) 

3rd. The mean value of is 



(-^0) 

4th. The mean value of is 

r=fa^ 

' (31) 

5th. The mean value of JV is 1*^=1 q.* 

6th. When there are two systems of molecules 

(32) 


( 33 ) 

whence 

(34) 


(33) 

whence 

(34) 


or the mean vis vim of a molecule w’ill be the same in each system. This is a very 
important result in the theory of gases, and it is independent of the nature of the action 
between the molecules, as are all the other results relating to the final distribution of 
velocities. We shall find that it leads to the la\v of gases knowm as that of Equivalent 
Volumes. 


Variation of Functions of tlw Velocity due to encounters hetween the Molecules. 

We may now proceed to write down the \alues of ^ in the difierent cases. We shall 

o/ 

indicate the mean value of any quantity for all the molecules of one kind bv placing a 
bar over the symbol which represents that quantity for any particular molecule, but in 
expressions where all such quantities are to be taken at their mean values, w’e shall, for 
convenience, omit the bar. We shall use the symbols and h, to indicate the eifect 
produced by molecules of the first kind and second kind respectively, and to indicate 
the effect of external forces. We shall also confine ourselves to the case in which ;?=5, 
since it is not only free from mathematical difficulty, but is the only case which is con- 
sistent with the laws of \iscosity of gases. 

In this case V disappears, and we have for the effect of the second s} stem or the first, 








*,0 


(3o) 


where the functions of ^ in j(Q' — Q)d(p must be put equal to their mean values for 

all the molecules, and or must be put for A according as sin* 5 or sin* '10 occurs in 
the expressions in equations (4), (5), (6), (7). We thus obtain 

(30) 

Zt \M,M,(M, + M,)/ M, + Mj 

{2A,(|,-?,)(M.|,+M,y+AA(^ -2^=1')} 

__ IC N,M. 

m,+m, 

{a, (2M,|,,,-2M,U+(M.-M.){|.,,+«a))-3A,M.(S, -!.)(>! " 

E. 
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M (39) 

+ (M“srJ’(2-^.-2A«)2fe-l,)V>}; 

using the symbol to indicate variations arising from the action of molecules of the 
second system. 

These are the values of the rate of variation of the mean values of and 

V^, for the molecules of the first kind due to their encounters with molecules of the 
second kind. In all of them we must multiply up all functions of jj, and take the 
mean values of the products so found. As this has to be done for all such functions, I 
have omitted the bar over each function in these expressions. 

To find the rate of variation due to the encounters among the paiticles of the same 
system, we have only to alter the suffix ( 2 ^ into throughout, and to change K, the 
coefficient of the force between Mj and Mg into Ki, that of the force between two mole- 
cules of the first system. We thus find 

(“) f =0; m 




(y) 


(41) 

(42) 

(43) 


These quantities must be added to those in equations (36) to (39) in order to get the 
rate of variation in the molecules of the first kind due to their encounters with mole- 
cules of both systems. When there is only one kind of molecules, the latter equations 
give the rates of variation at once. 


On the Action of External Forces on a System of Moving Molecules. 

We shall suppose the external force to be like the force of gravity, producing equal 
acceleration on all the molecules. Let the components of the force in the three coor- 
dinate directions be X, Y, Z. Then we have by dynamics for the variations of and 
due to this cause, 


(a) f=X; 


(44) 
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(« =2|X; (45) 

®^=,X+|Y: (46) 

(y) *'#=2SKX+,Y+rZ)+XV^; (47) 


where ^3 refers to variations due to the action of external forces. 


On the Total rate of change of the different functions of the velocity of the molecules 
of the first system arising from their encounters with molecules of both systems and 
from the action of external forces. 


To find the total rate of change arising from these causes, we must add 


ht ’ U 


and 

U 


the quantities already found. We shall find it, however, most convenient in the re- 
mainder of this investigation to introduce a change in the notation, and to substitute for 

?!, and w-hl, and (48) 

where u. and w are so chosen that they are the mean values of the components of the 
velocity of all molecules of the same system in the immediate neighbourhood of a given 
point. We sliall also write 

(40) 

where and are the densities of the two systems of molecules, that is, the mass in 

unit of volume. We shall also write 



K 






and 



(50) 


§ 1 , § 2 , ^ 1 , Tc^. and h are quantities the absolute values of which can be deduced from expe- 
riment. We have not as yet experimental data for determining M, N, or K. 

We thus find for the rate of change of the various functions of the velocity, 


(«) |i=M.f,(«,-«,)+X; 

+M;+k,{2A.(M4)-M.|;)+A,5I,(,;+??-2*;+>,l+n-2e?)|; 

*sf'= - +% jj-^^(S3A.-3A,)(«,-«,)(f,-t-.) 

+Mr+M,{2A.(M4,,,-M.|,,.)-3A,M,(5.>f,+?A)|. 


(51) 


(52) 


(53) 


k2 
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(y) As the expressions for the rariation of functions of three dimensions in mixed 
media are complicated, and as we shall not have occasion to use them, I shall gir e the 
case of a single medium, 

8l(lf+|.'i?+l.??)=-S%A,(JHI.»!+l.?!)+X(3|;+,;+f?)+2Y|,,,+274,?.. (54) 

Theory of a Medium composed of Moving Molecules. 

We shall suppose the position of every moiing molecule referred to three rectangular- 
axes, aud that the component velocities of any one of them, resolved in the directions of 
X. y, z, are 

^•+’7, w4-?, 

w here w, v, w are the components of the mean velocity of all the molecules w-hich are 
at a given instant m a given element of volume, aud ^ are tire components of the 
relative velocity of one of these molecules with respect to the mean velocity. 

The quantities u. t\ w may be treated as functions of x, y, z, and t, in w hich case differ- 
entiation will be expressed by the symbol d. The quantities tj, f , being different for 
every molecule, must be regarded as functions of t for each molecule. Their variation 
wdth respect to t wall be indicated by tire symbol h. 

The mean values of and other functiorrs of r}, J for all the molecules in the eU*- 
ment of volume may, however, be treated as fuirctions of z, and t. 

If we consider an element of volume which alw^ays moves wdth the velocities u, t\ u\ 
we shall find that it does not always consist of the same molecules, because molecules 
are continually parsing through its boundary. We cannot therefore treat it as a mass 
mo\ing with the velocity % v. w, as is done in hydrodjuamics, but w-e must consider 
separately the motion of each molecule. When wt have occasion to consider the \ari- 
ation of the properties of this element during its motion as a function of the time we 
shall use the symbol d. 

We shall call the velocities u, v, w the velocities of translation of the medium, and 
^ the velocities of agitation of the molecules 

Let the number of molecules in the element dx dy dz be N dx dy dz.^ then we may call 
N the number of molecules in unit of volume. If M is the mass of each molecule, and 
p the density of the element, then 

MN=p (65) 

Transference of Quantities across a Plane Area. 

We must next consider the molecules which pass through a given plane of unit area in 
unit of time, and determine the quantity of matter, of momentum, of heat, &c. w^hich 
is transferred from the negative to the positive side of this plane in unit of time. 

We shall first divide the N molecules in unit of volume into classes according to the 
value of I, and ^ for each, and we shall suppose that the number of molecules in unit 
of volume whose velocity in the direction of x lies between | and l-\-dl, 7} and + 
f and is (ZX, dX will then be a function of the component velocities, the sum of 
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which being taken for all the molecules will give N the total number of molecules. 
The most probable form of this function for a medium in its state of equilibrium is 

( 56 ) 

In the present investigation we do not require to know the form of this function. 

Now let us consider a plane of unit area perpendicular to x moving with a velocity 
of which the part resolved parallel to x is u\ The velocity of the plane relative to the 
molecules we have been considering is ?/— (w-fsj, and since there are dN of these mole- 
cules in unit of volume it will overtake 

such molecules in unit of time, and the number of such molecules passing from the 
negative to the positive side of the plane, will be 

Now let Q be any property belonging to the molecule, such as its mass, momentum, vis 
&c., which it carries with it across the plane, Q being supposed a function of I or of 
and or to vary in an\ way from one molecule to another, provided it be the same 
for the se'lected molecules whose number is dN, then the quantity of Q transferred 
across th(‘ plane in the positive direction in unit of time is 

or * 

(/^-«')jQdN-l-J|QdN (57) 

If we put C^N for jQdN, and ?(^N for \|QdN, then w’e may call Q the mean value of 
Q, and the mean value of ;Q, for all the particles in the element of volume, and we 
may write tin' expression for the quantity of Q which crosses the plane in unit of time 
{?i-?d)QX-frQN (58) 

(a) Transference of Matter across a Plmie — Velocity of the Fluid. 

'Ib detcaniine the quantity of matter which crosses the plane, make Q equal to M 
the mass of each molecule; then, since M is the same for all molecules of the same kind, 
M=M ; and since the mean value of 5 is zero, the expression is reduced to 

(w — k')MN=(m— ti')2 (59) 

If u=-u\ or if the plane moves with velocity the whole excess of matter transferred 
across the plane is zero ; the velocity of the fluid may therefore be defined as the velo- 
city whose components are w, v, w. 

(/3) Transference of Momentum across a Plane — System of Pressures at any point 

of the Fluid. 

The momentum of any one molecule in the direction of x is M(?^-f-|). Substituting 
this for Q, we get for the quantity of momentum transferred across the plane in the 
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positive direction ‘ _ 

(m— 

If the plane moves with the velocity ii, this expression is reduced to f f , where f repre- 
sents the mean value of 

This is the whole momentum in the direction of x of the molecules projected from the 
negative to the positive side of the plane in unit of time. The mechanical action 
between the parts of the medium on opposite sides of the plane consists partly of the 
momentum thus transferred, and partly of the direct attractions or repulsions between 
molecules on opposite sides of the plane. The latter part of the action must be very 
small in gases, so that we may consider the pressure between the parts of tlic medium 
on opposite sides of the plane as entirely due to the constant bombardment kept up 
between them. There wall also be a transference of momentum in the directions of y and 
z across the same plane, 

(ii—n')v^+^rio, (Gl) 

and _ 

(62) 

where ^ and represent the mean values of these products. 

If the plane moves with the mean velocity u of the fluid, the total force exerted on the 
medium on the positive side by the projection of molecules into it from the negative side 
will be _ 

a normal pressure in the direction of a\ 

a tangential pressur(‘ in the direction of //. 

and a tangential pressure in the direction of 

If X, Y, Z are the components of the pressure on unit of area of a plane who&e 
direction cosines are I, 

Y =I^rto i (63) 

Z J 

When a gas is not in a state of violent motion the pressures in all directions are nearly 
equal, in which case, if we put 

ff-f?§+re=3p, (64) 

the quantity^ will represent the mean pressure at a given point, and and will 

differ from p only by small quantities ; and wall then be also small quan- 

tities vrith respect to p. 

JEnergy in the Medium — Actual Heat. 

The actual energy of any molecule depends partly on the velocity of its centre of 
gra’vity, and partly on its rotation or other internal motion with respect to the centre of 
gravity. It may be written 

LM{(ii+?y4-(^+^)^+(w*fOT+PM, 


( 66 ) 
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where |EM is the internal part of the energy of the molecule, the form of which is at 
present unknown. Summing for all the molecules in unit of volume, the energy is 

^ ( 66 ) 

The first term gives the energy due to the motion of translation of the medium in 
mass, the second that due to the agitation of the centres of gravity of the molecules, and 
the third that due to the internal motion of the parts of each molecule. 

If we assume with Claush's that the ratio of the mean energy of internal motion to 
that of agitation tends continually towards a definite value (/3 — 1), we may conclude that. 


except ill very violent disturbances, this ratio is always preserved, so that 

i=(i3-i){r+,«+r) (67) 

The total energy of the invisible agitation in unit of volume will then be 

• • (6S) 

or 

m> ( 69 ) 


This energy being in the form of invisible agitation, may be called the total heat in 
the unit of volume of the medium. 

(y) Transference of Energu across a Plane — Conduction of Heat. 

Putting 

andt^=w', (70) 

we find for the quantity of heat carried over the unit of area by conduction in unit of time 

(71) 

where &;c. indicate the mean values of f, &c. They are always small quantities. 


On the Pate of Variation of Q in an Element of Volume.^ Q being any pro;perty of the 
Molecules in that Element. 

Let Q bt* the value of the quantity for any particular molecule, and Q the mean value 
of Q for all the molecules of the same kind within the element. 

The quantity Q may vary from two causes. The molecules within the element may 
by their mutual action or by the action of external forces produce an alteration of Q, or 
molecules may pass into the element and out of it, and so cause an increase or diminution 
of the value of Q within it. If we employ the symbol ^ to denote the variation of Q 
due to actions of the first kind on the individual molecules, and the symbol d to denote 
the actual variation of Q in an element moving with the mean velocity of the system of 
molecules under consideration, then by the ordinarj^ investigation of the increase or 
diminution of matter in an element of volume as contained in treatises on Hydrodynamics, 


BQN 

-bt 





( 72 ) 
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where the last three terms are derived from equation (59) and two similar equations, and 
denote the quantity of Q which flows out of an element of volume, that element moving 
with the velocities u\ v\ w'. If we perform the differentiations and then make n'=w, 
v'=:v, and then the variation will be that in an element which moves with the 

actual mean velocity of the system of molecules, and the equation becomes 




(73) 


Equation of Continuity. 

Put Q=M the mass of a molecule : M is unalterable, and we have, putting MX=g, 

5f+K's+S+S)“» ^ (■» 

which is the ordinary equation of continuity in hydrodpiamics, the element being sup- 
posed to move with the velocity of the fluid. Combining this equation with that from 
which it was obtained, we find 

N^+^(|QN)+|(^QN)+^4(?QN)=N®|, (75) 

a more convenient form of the general equation. 


Equations of Motion (a). 

To obtain the Equation of Motion in the direction of x, put Q=Mj(«i + ?i), the mo- 
mentum of a molecule in the direction of x. 

We obtain the value of ^ from equation (51), and the equation may be written 

In this equation the first term denotes the efficient force per unit of volume, the 
second the variation of normal pressure, the third and fourth the variations of tangential 
pressure, the fifth the resistance due to the molecules of a different system, and the sixth 
the external force acting on the system. 

The investigation of the values of the second, third, and fourth terms must be deferred 
till we consider the variations of the second degree. 

Condition of Equilibrium of a Mixture of Gases. 

In a state of equilibrium and vanish, becomes ^j, and the tangential pressures 
vanish, so that the equation becomes 

(m 

which is the equation of equilibrium in ordinary^ hydrostatics. 

This equation, being true of the system of molecules forming the first medium inde- 
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pendently of the presence of the molecules of the second system, shows that if several 
kinds of molecules are mixed together, placed in a vessel and acted on by gravity, 
the final distribution of the molecules of each kind w^ill be the same as if nonev of the 
other kinds had been present. This is the same mode of distribution as that which 
Daltox considered to exist in a mixed atmosphere in equilibrium, the law of diminution 
of density of each constituent gas being the same as if no other gases were present. 

This result, however, can only take place after the gases have been left for a consider- 
able time peifcctly undisturbed. If currents arise so as to mix the strata, the composi- 
tion of the gas will bc' made more uniform throughout. 

The result at which we have arrived as to the final distribution of gases, when left to 
tlieniselves, is independent of the la\v of force between the molecules. 


JJiffusion of Gases. 

If th(' motion of the gases is slow, w e may still neglect the tangential pressures. The 
equation then becomes for the first system of molecules 

(- 8 ) 

and for the second, 

( 79 ) 

In all cases of quiet diffusion we may neglect the first term of each equation. If we 
then put and we find by adding, 


dx * 


(SO) 


If we also put then the volumes transferred in opposite directions across 

a plane mo\ing with 'selocity ii will be equal, so that 




J’^pi _ 



(SI) 


IIerc^q(«q — is the volume of the first gas transferred in unit of time across unit 
of area of the plane reduced to pressure unity, and at the actual temperature; and 
■pfi—iL^) is the equal volume of the second gas transferred across the same area in the 
opposite direction. 

The external force X has very little effect on the quiet diffusion of gases in vessels of 
moderate size. We may therefore leave it out in our definition of the coefficient of 
diffusion of twm gases. 

When two gases not acted on by gravity are placed in different parts of a vessel at equal 
pressures and temperatures, there will be mechanical equilibrium from the first, and u 
will alw\ays be zero. This will also be approximately true of heavy gases, provided the 
denser gas is placed below the lighter. ]Mr, Graham has described in his paper on the 
Mobility of Gases experiments which were made under these conditions. A vertical 
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tube bad its lower tenth part filled with a heavy gas, and the remaining nine-tenths with 
a lighter gas. After the lapse of a known time the upper tenth part of the tube was 
shut off, and the gas in it analyzed, so as to determine the quantity of the heavier gas 
which had ascended into the upper tenth of the tube during the given time. 

In this case we have «=0, (82) 

■nn — — lib 

‘ ^ dr ’ ‘ ■ 

and by the equation of continuity, 


(83) 


whence 

or if we put D= -b-b- i, 

iPx^jy^:P\ 
dt ‘ ' 


(84) 


(85) 


(SC) 


The solution of this equation is 

jq=Ci-{-C/-~”'^'cos (^^.^’^-c^)4- &c (ST) 

If tlie length of the tube is e, and if it i- closed at both ends, 

^>j = Ci-f ^cos2~-j- &c., (SS) 


■where Cj, Q, Cj arc to be determined by the condition that when ^=0, from 

a—O to and j[3, = 0 from x—a. The general expression for the case 

in which the hist gas originally extends from a-=:0 to x—b^ and in which after a time f 
the gas from ^’=0 to x~c is collected, is 


7j, h , ( -ibt . Trb . Tc , I -4~i . 27rb . 27rc , . ) 

-=-4 — ^' 6' Sill — sill — \-^je sm- sm — 4- &c. - 

p a ' a a ' 2^ a a ' 


/’ ■ 


m 


where is the proportion of the first gas to the whole in the portion from j’=0 to 


In Air. Geaiiaii’s experiments, in which one- tenth of the tube was filled with the first 
gas, and the proportion f)f the first gas in the tenth of the tube at the other end ascer- 
tained after a time f, this proportion will be 


p 10 5r“^1 






( 90 ) 


AYe find for a series of values of — taken at equal intervals of time T, where 

p ^ 


T= 


log^lO 

D’ 
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Tune. 

Ti. 

F 

0 

0 

T 

•01193 

9 X 

•02305 

3T 

’03370 

4T 

•04300 

oT 

•05207 

6T 

■00072 

8T 

•07321 

10 T 

•0-8227 

12 T 

•08845 

oo 

•10000 


Mr. GEAHAjr's experiments on caiLonic acid and air, when compared with this Table, give 
T=500 seconds nearly for a tube 0'57 metre long. Xow’ 


whence 


T 

D=-0235 


C^l) 


for carbonic acid and air, in inch-grain-second measure. 


Bejimtion of the Coefficient of iJiffiusion. 

I) is the volume of gas reduced to unit of pressure which passes in unit of time 
through unit, of urea when the total pressure is uniform and equal to and the pressure 
of either gas increases or diminishes by unity in miit of di^tance, D may be called riie 
coefficient of diffusion. It varies directly as the square of the absolute temperatine. rj;d 
inversely as the total pressure^;. 

The dimensions of D are evidently L^T~', where L and T are the standards of length 
and time. 

Ill considering this exjieriment of the interdiffusion of carbonic acid and air, we have 
assumed that air is a simple gas. Xowit is well known that the constituents of air can 
be separated by mechanical means, such as passing them through a porous diaphragm, 
as in Mr. Geaham’s experiments on Atmolysis. The discussion of the interdiffusion of 
three or more gases leads to a much more complicated equation than that which we have 
found for two gases, and it is not easy to deduce the coefficients of interdiffusion of the 
separate gases. It is therefore to be desired that experiments should be made on the 
interdiffusion of every pair of the more important pure gases which do not act chemically 
on each other, the temperature and pressure of the mixture being noted at the time cf 
experiment. 

Mr. GRAiiAii has also published in Beaxde's Journal for 1820. pt. 2. p. 74. the resni.s 

l2 
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of experiments on the diffusion of various gases out of a vessel through a tube into air. 
The coefficients of diffusion deduced from these experiments are — 


Air and Hydrogen -026216 

Air and Marsh-gas ’010240 

Air and Ammonia ’00962 

Air and Olefiant gas -00771 

Air and Carbonic acid .... -00682 

Air and Sulphurous acid . . . -00582 

Air and Chlorine -00486 


The value for carbonic acid is only one third of that deduced from th(' experiment 
with the vertical column. The inequality of composition of the mixed gas in different 
parts of the vessel is, liowever, neglected ; and tlie diameter of the tube at the middle 
part, where it was bent, was probably less than that given. 

Those experiments on diffusion which lasted ten hours, all give smaller values of D 
than those which lasted four hours, and this would also result from the mixture of the 
gases in the vessel being imperfect. 

IntenJiffushn through a s))icdl hole. 

"When two vessels containing different gases arc connected by a small hole, the mixture 
of gases in each vessel will be nearly uniform except near the hole ; and the inequality 
of the pressure of each gas will extend to a distance fi’om the hole depending on the 
diameter of the hole, and nearly proportional to that diameter. 

Hence in the equation 



the term ^ will vary inversely as the diameter of the hole, while ?q and will not 
vary considerably with the diameter. 

Hence when the hole is very small the right-hand side of the equation may be neg- 
lected, and the flow of either gas through the hole will be independent of the flow of the 
other gas, as the term becomes comparatively insignificant. 

One gas therefore will escape through a very fine hole into another nearly as fast as 
into a vacuum ; and if the pressures are equal on both sides, the ^ olunies diffused will be 
as the square roots of the specific gravities inversely, which is the law of diffusion of 
gases established by Gbaham*. 

Variation of the invisible agitatimi (/3). 

By putting for Q in equation (75) 

Q=|h(“.+5,r+(r. +>1, )’+(«•, +?.)H((3-1){S+>!!+??)), . . (93) 

* Trans. Eoyal Scciety of Edinburgh, vol, xii. p. 222, 
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and eliminating by means of equations (76) and (52), we find 






?)+«.. (g+S) 




111 tills equation the first term represents the variation of invisible agitation or heat ; 
tiie second, third, and fourth represent the cooling by expansion ; the fifth, sixth, and 
seventh the heating effect of fluid friction or viscosity ; and the last the loss of heat by 
conduction. The quantities on the otlier side of the equation represent the thermal 
effects of diffusion, and the communication of heat from one gas to the other. 

The equation may be simplified in various cases, which we shall take in order. 


1st. EquiUhriitia of Temperature between two Gases. — Law of Equivalent Tolames. 
ysQ shall suppose that tliere is no motion of translation, and no transfer of heat by 
conduction through either gas. The equation (94) is then reduced to the following form, 


If we })ut 


■V] 4’»1 (g+>!:+?9=Q.- and ^-iNi (g+>!!+?a=Q2. • . 




Q,-Q,=cv-', where 

If, therefore, the gases arc in contact and undisturbed, Q, and Qo will ra])idlv become 
equal. Now the state into which two bodies come by exchange of invisible agitation is 
called equilibrium of heat or equality of temperature. Hence when two gases are at 
the same temperature, 

Q.=Q. (99) 

or 

n Q , + + ) 
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Hence if the pressures as Well as the temperatures be the same in two gases, 

(100) 

?1 §2 

or the masses of the individual molecules are proportional to the density of the gas. 

This result, by which the relative masses of the molecules can be deduced from the 
relative densities of the gases, was first arrived at by Gay-Lussac from chemical consi- 
derations. It is here shown to be a necessary result of the Dynamical Theory of Gases ; 
and it is so, whatever theory we adopt as to the nature of the action between the indi- 
vidual molecules, as may be seen by equation (S4), which is deduced from perfectly general 
assumptions as to the nature of the law of force. 

^ j\j 

We may therefore henceforth put for where Sj, are the specific gravities of 
the gases referred to a standard gas. 

If we use ^ to denote the temperature reckoned from absolute zero of a gas thermo- 
meter, Mo the mass of a molecule of hydrogen, Y® its mean square of velocity at tempe- 
rature unity, 5 the specific gravity of any other gas referred to hydrogen, then the mass 
of a molecule of the other gas is 

M=Mo5 (101) 

Its mean square of velocity, 

V“=:ivs« (102) 

Pressure of the gas, 

i>=ipyi ( 103 ) 

We may next determine the amount of cooling by expansion. 


Cooling hj Ex}fansion. 

Let the expansion be equal in all directions, then 


dll dv dir ^ 3 g 

dx dij dz iq'dt' 

and ^ and all terms of imsvmmetrical form will be zero. 

dij 


(104) 


If the mass of gas is of the same temperature throughout there will be no conduction 
of heat, and the equation (94) will become 


or 


or 


te(3^-4V'|?=o, 

(105) 

3/3^/, 

§ \ » 

(lOG) 

11 

(1071 


which gives the relation between the density and the temperature in a gas expanding 
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without exchange of heat with other bodies. We also find 

3^ p'’ . . . • 

which gives the relation between the pressure and the density. 


(lOS) 


Sjpecijfic Heat of Unit of Mass at Constant Volume. 

The total energy of agitation of unit of mass is /3V^=E, or 

E=^£ (109^ 

If, now, additional energy in the form of heat be communicated to it without changing 
its density, 

( 110 ) 

Hence the specific heat of unit of mass of constant volume is in dynamical measure 


dE 3^ p 

'gf ’ 


(111) 


Specific Heat of Unit of 2Iass at Constant Pressure. 

By the addition of the heat dE the temperature was raised 'b& and the pressure 'bp. 
Now, let the gas expand without communication of heat till the pressure sinks to it ’ 
former value, and let the final temperature be S+B'l The temperature will thus sink 
by a quantity B'^, such that 


B5-B ' 2 

5 ~2-f-3i3 p “"2+313 s’ 

whence 

d'S_ 3 ^ B5. 

S 2+3j8 S'' ^ 

and the specific heat of unit of mass at constant pressure is 

BE__ 24 3p p _ 

b'S 2 §3 ^ ^ 

The ratio of the specific heat at constant pressure to that of constant volume is known 
in several cases from experiment. We shall denote this ratio by 

( 11 ^) 

whence 



The specific heat of unit of volume in ordinary measure is at constant volume 

1 p 


( 115 ) 
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and at constant pressure 


7 V_ 
7—1 J 0 ’ 


( 117 ) 


where J is the mechanical equivalent of unit of heat. 

From these expressions Dr. Raxkixe^ has calculated the specific heat of aii% and has 
found the result to agree with the value afterwards determined experimentally by 

AI. REGXAULTf. 


Thermal Effeds of JDiffiision. 

If tw'o gases are diffusing into one another, then, omitting the terms relating to heat 
generated hy friction and to conduction of heat, the equation (04) gives 

By comparison with equations (78), (79), the right-hand side of this equation becomes 


^(^PAu 4-^h' 

\ dx dz 




The equation (118) may now be written 

^ /..2 I ».2 t »,.2 I ,0 m I „2 I J ' 2 \\ , ^ 




(Hit) 


The whole increase of energy is therefore that due to the action of the external 
forces minus the cooling due to the expansion of the mixed gases. If the difi’iision 
takes place without alteration of the volume of the mixture, the heat due to the mu- 
tual action of the gases in diffusion will be exactly neutralized by the cooling of eacli 
gas as it expands in passing from places where it is dense to places where it is rare. 


Determination of the Inequalit^j of Pressure in different directions due to the 
Motion of the Medium. 

Let us put 

<Zi and (120) 

Then by equation (52), 

— M lAaf jg'j — (2AIi Aj -f oAl 2 A 2 )f 25 'i —/^(oAs— 2Ai) yj, 

2 2 -2 -- — 2 

-^ 2-3 A 0 ( 2 w, r,-- 

* Transactions of the Royal Society of Edinburgh, toI. xx. (iSoO ). 



f Comptcfi Rpiidus, 1 So3. 
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the last term depending on diffusion ; and if we omit in equation (75) terms of ttiree 
dimensions in n, K-> which relate to conduction of heat, and neglect quantities cf the 
form % and —p, when not multiplied by the large coefficients , and we get 
"dq , n ^ 2 /du , dv dw\ tq 

022) 

If the motion is not subject to any very rapid changes, as in all cases except that of 
the propagation of sound, we may neglect In a single system of molecules 


7= — 


If we make 


2p (du l/du dv 

^ SLVgflete 3 \dx'^dy cfey j (^-^) 


1 I p__ 


(ju will be the coefficient of viscosity, and we shall have by equation (120), 
_ ^ (du l/du , dv 




dv 1 /du dv dw 
d]f 3Yda?”^c^ dz 


[dw l/du dv 

and by transformation of coordinates we obtain 

«;=-Ks+S). 'I 

(•(S+e). <'=■) 

^ /du dv\ 

dxj 

These are the values of the normal and tangential stresses in a simple gas when the 
variation of motion is not very rapid, and when /x, the coefficient of viscosity, is so small 
that its square may be neglected. 

Equations of Motion corrected for Viscosity, 

Substituting these values in the equation of motion (76), we find 

/hu, dp [dht , 1 d (du . dv , dw\ ^ /-!oo\ 




d (du dv . dw\ ^ 

^ dy'^ dz J f’ 


with two other equations which may be written down from sj^mmetry. The form of 
these equations is identical with that of those deduced by Poisson* from the theory of 


* Jounaal de I’Ecole Toiytechnique, 1829, tom. xiii. cah. sx. p. 139. 
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elasticity, by supposing tbe strain to be continually relaxed at a rate proportional to its 
amount. Tbe ratio of tbe third and fourth terms agrees with that given by Profe^<» 
Stokes^. 

If we suppose the inequality of pressme which we have denoted by q to exist in the 
medium at any instaiit, and not to be maintained by the motion of the medium, we find, 
from equation (123), 

(129) 

(180) 

the stress q is therefore relaxed at a rate proportional to itself, so that 

^=1 ' • • • ( 131 ) 

We may call T the modulus of the time of relaxation. 

If we next make /r=0, so that the stress q does not become relaxed, the mediam will 
be an elastic solid, and the equation 




( 1 ^ 2 ) 

may be written 

+S)}=1’ (133) 

where a, y are the displacements of an element of the medium, and^^, is the normal 
pressure in the direction of a\ If we suppose the initial value of this quantity zero, and 
originally equal to then, after a small displacement, 

( 134 ) 

and by transformation of coordinates the tangential pressure 

( 133 ) 


The medium has now the mechanical properties of an elastic solid, the rigidity of 
which is j?, while the cubical elasticity is fjif. 

The same result and the same ratio of the elasticities would be obtained if we supposed 
the molecules to be at rest, and to act on one another with forces depending on the 
distance, as in the statical molecular theory of elasticity. The coincidence of the pro- 
perties of a mediiim in which the molecules are held in equilibrium by attractions and 
repulsions, and those of a medium in which the molecules move in straight lines with- 
out acting on each other at all, deserves notice from those who speculate on theories of 
physics. 

The fluidity of our medium is therefore due to the mutual action of the molecules, 
causing them to be deflected from their paths. 


* “ On the Friction of Fluids in Motion and the EquiKbriimi and Motion of Elastic Cainbri«%e 

Phil. Trans, vol. viii. (1845), p, 297, equation (12). 
t Ibid, p. 311, equation (29). 
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The coefficient of instantaneous rigidity of a gas is therefore 

The modulus of the time of relaxation is T. I . . . (136) 

The coefficient of viscosity is ^=j»T. J 

Now varies as the density and temperature conjointly, while T varies inversely as 
the density. 

Hence varies as the absolute temperature, and is independent of the density. 

This result is confirmed by the experiments of Mr. Geaham on the Transpiration of 
Gases*, and by my own experiments on the Viscosity or Internal Friction of Air and 
other Gasesf . 

The result, that the viscosity is independent of the density, follows from the Dyna- 
mical Theor}' of Gases, whatever be the law of force between the molecules. It was 
deduced by myself J from the hypothesis of hard elastic molecules, andM. O.E. Meter § 
has given a more complete investigation on the same hypothesis. 

The experimental result, that the \iscosity is proportional to the absolute temperature, 
requires us to abandon this hypothesis, which would make it vary as the square root of 
the absolute temperature, and to adopt the hypothesis of a repulsive force inversely as 
the fifth power of the distance between the molecules, which is the only law of force 
which gives the observed result. 

Using the foot, the grain, and the second as units, my experiments give for the tem- 
perature of 62° Fahrenheit, and in dry air, 

• ju,=0*0936. 

If the pressure is 30 inches of mercur)', we find, using the same units, 
y)=477360000. 

Since y;T=/*, we find that the modulus of the time of relaxation of rigidity in air of 
this pressure and temperature is 

5099166000 ^ second. 

This time is exceedingly small, even when compared with the j^eriod of vibration of 
the most acute audible sounds ; so that even in the theory of sound w e may consider the 
motion as steady during this very short time, and use the equations we have already 
found, as has been done by Professor Stokes (| . 

Viscosity of a Mixture of Gases. 

In a complete mixture of gases, in wffiich there is no diffusion going on, the velocity 
at any point is the same for all the gases. 

* Philo&ophical Transactions, 1846 and 1849. 

t Proceedings of the Boyal Society, February 8, 1866 ; Philosophical Transactions, 1866, p. 249. 

+ Philosophical Magazine, January 1860. § Poggendorff s ‘Annalen,’ 1865. 

li “On tho effect of the Internal Friction of Fluids on the motion of Pendulums,” Cambridge Transactions, 
vol. ix. (1850), art. 79. 
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Putting 

equation (122) becomes 


2/^du dv dw\ 

S\^da;"^d^'~~‘dzj ’ 


( 137 ) 


M, 


j>jXJ okiA^^iQi — jyj^ ^l^l^(2MjA,-|-oYl2A2)^gg'i-- ^’(SAa 

Similarly, 

Since and S'=5'i4'^2? where jp and q refer to the mixture, we shall hare 

liV=-q=-(q,+q,), 


where fju is the coefficient of \iscosity of the mixture. 

If we put 5i and for the specific gravities of the two gases, referred to a standard 
gas, in which the values ofj) and o at temperature aTey)o and fo? 


where g. is the coefficient of viscosity of the mixture, and 

ha 

E=.1T7,(2»A+S..A,), 

F=SA#.«.+iA)-(3A,-2A,)*^^^, 

G=^-^^(2s.A,+3sA), 

H= SAaSjSji 3^,A3A24 --^Aj} . 


. . ( 110 ) 


(141) 


This expression is reduced to g, wheny)2=0, and to gj when jpi=0. For other values 
of Pi andps we require to know the value of k, the coefficient of mutual interference of 
the molecules of the two gases. This might be deduced from the observed values of g 
for mixtures, but a better method is by making experiments on the interdifiusion of the 
two gases. The experiments of Gkahaii on the transpiration of gases, combined -with 
my experiments on the viscosity of air, give as values of ki for air, hydrogen, and car- 
bonic acid, 

Air k,^ 4-81 X 10*“, 

Hydrogen . . . ^i=142-8 xlO^ 

Carbonic acid . . ^,= 3' 9 Xl0‘®. 

The experiments of Geaham in 1863, referred to at page 73, on the interdiffiision of 
air and carbonic acid, give the coefficient of mutual interference of these gases. 

Air and carbonic acid . ^=5*2 X 10*® ; 

and by taking this as the absolute value of k, and assuming that the ratios of the coeffi- 
cients of interdiffiision given at page 76 are correct, wc find 

Air and hydrogen . . Z'=29*8xl0*®. 
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These numbers are to be regarded as doubtful, as we have supposed air to be a simph' 
gas in our calculations, and we do not know the value of h between oxygen and nitrogen. 
It is also doubtful whether our method of calculation applies to experiments such as the 
earlier observations of Mr. Graham. ^ 

I have also examined the transpiration-times determined by GsAHAif for mixtures of 
hydrogen and carbonic acid, and hydrogen and aii-, assuming a value of h roughly, to 
satisfy the experimental results about the middle of the scale. It uill be seen that the 
calculated numbers for hydrogen and carbonic acid exhibit the peculiarity observed in 
the experiments, that a small addition of hydrogen increases the transpiration-time of 
carbonic acid, and that in both series the times of mixtures depend more on the slower 
than on the quicker gas. 

The assumed values of k in these calculations were — 

For hydrogen and carbonic acid /f=12•5xl0'^ 

For hydrogen and air . . . . 

and the results of observation and calculation are, for the times of transpiration of 
mixtures of — 


Hydrogen and Carbonic acid. 

Observed. 

Calculated 

Hydrogen 

and Air. 

Observed 

i Calculated. 

100 

0 

•4321 

•4375 

100 

0 

•4434 

•4375 

97*5 

2*5 

•4714 

•4750 

95 

5 

•5282 

•5300 

95 

5 

•5157 

•5089 

90 

10 

•5880 

•6028 

90 

10 

•5722 

•5678 

75 

25 

•7488 

i *7438 

75 

25 

•6786 

•6822 

50 

50 

•8179 

i -8488 1 

50 

50 

•7339 

•7652 

25 


•8790 

! -8946 

25 

75 

*7535 

, -7468 

10 

90 1 

•8880 

j -8983 

10 

90 

•7521 

•7361 

5 

95 1 

•8960 

I *8996 ; 

! ® 

100 ! 

•7470 

; -7273 

0 

100 1 

•9000 

i *9010 1 

' 1 


The numbers given are the ratios of the transpiration-times of mixtm’es to that of 
oxygen as determined by ^Ir. Graham, compared with those given by the equation (140) 
deduced from our theory. 

Conduction of Heat in a Single Medium (y). 

The rate of conduction depends on the value of the quantity 

where and denote the mean values of those functions of n, ^ for all the 

molecules in a given element of volume. 

As the expressions for the variations of this quantity are somewhat complicated in a 
mixture of media, and as the experimental investigation of the conduction of heat in 
gas€^s is attended with great difficulty, I shall confine myself here to the discussion of a 
single medium. 

■ Putting 

• • • ( 142 ) 
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and neglecting terms of Hie forms ^ and ^ and when not multiplied by tbe large 
coefficient we find by equations (75), (77), and (54), 

?|/3(p+&l^+S?^)+/3^ . g(S'W’i^+^P}-^(P+W)^ -2(3P| 

The fii^t term of this equation may be neglected, as the rate of conduction will rapidly 
establish itself. The second term contains quantities of four dimensions in n, 
whose values will depend on the distribution of velocity among the molecules. If the 
distribution of velocity is that which we have proved to exist when the system has no 
external force acting on it and has arrived at its final state, we shall have by equations 


(29), (31), (32), 

r=3l5.F=3^, (144) 

iV= ?.^^= (145) 

!>«= |2.|2^ |!; (146) 

and the equation of conduction may be written 

(147) 


I • • (143) 


[Addition made December 17, 186C.] 

[Final Fquilihriani of Tenvpemtnre.'] 

[The left-hand side of equation (147), as sent to the Royal Society, contained a term 
2(/3— 1)^ the result of which was to indicate that a column of air, when left to 

itself, would assume a temperature varying with the iieight, and greater above than 
below. The mistake arose from an error* in equation (143). Equation (147), as now 
corrected, shows that the flow of heat depends on the variation of temperature only, and 
not on the direction of the variation of pressure. A vertical column would therefore, 
when in thermal equilibrium, have the same temperature throughout. 

"WTieu I first attempted this investigation I overlooked the fact that f* is not the same 
as P . and so obtained as a result that the temperature diminishes as the height increases 
at a greater rate than it does by expansion when air is carried up in mass. This leads 
at once to a condition of instability, which is inconsistent with the second law of thermo- 
dynamics. I '^Tote to Professor Sir W. Thomson about this result, and the difficulty I 
had met with, but presently discovered one of my mistakes, and arrived at the conclu- 
sion that the temperature would increase with the height. This does not lead to mecha- 
* The last term on Hie left-hand side was not multiplied by 
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nical iastability, or to any self-acting currents of air, and I was in some degree satisfied 
with it. But it is equally inconsistent with the second law of thermodynamics. In fact, 
if the temperature of any substance, when in thermic equilibrium, is a function of the 
height, that of any other substance must be the same function of the height. For if not, 
let equal columns of the two substances be enclosed in cylinders impermeable to heat, 
and put in thermal communication at the bottom. If, when in thermal equilibrium, the 
tops of the two columns are at different temperatures, an engine might be worked by 
taking heat from the hotter and giving it up to the cooler, and the refuse heat would 
circulate round the system till it was all converted into mechanical energy, which is in 
contradiction to the second law of thermodynamics. 

The result as now given is, that temperature in gases, when in thermal equili- 
brium, is independent of height, and it follows from what has been said that tempera- 
ture is independent of height in all other substances. 

If we accept this law of temperature as the actual one, and examine our assumptions, 
we shall find that unless we should have obtained a different result Now' 

this equation is derived from the law' of distribution of velocities to which we were led 
by independent considerations. We may therefore regard this law of temperature, if 
true, as in some mea.sure a confirmation of the law of distribution of velocities.] 


Coefficient of Conductimty. 


If C is the coefficient of conductivity of the gas for heat, then the quantity of heat 
which passes through unit of area in unit of time measured as mechanical energy, is 


5 ^ ^ 

dx 6 /tjAg dx 


(148) 


by equation (347). 

Substituting for (3 its value in terms of y by equation (115), and for its value in 
terms of fji^ by equation (125), and calling and the simultaneous pressure, density, 
and temperature of the standard gas, and s the specific gravity of the gas in (juestion, 
we find 


(149) 


P 5 Po 

3 ( 7 - 1 ) 

For air we have y=l'409, and at the tempeiuture of melting ice, or 274°*6C. 
above absolute zero, <y/-= 918’6 feet per second, and at Ib'^'G C., j«.=:0’0936 in foot- 
grain-second measure. Hence for air at 16^*6 C the conductivity for heat is 


C=:1172. 


(150) 


That is to say, a horizontal stratum of air one foot thick, of w hich the upper surface is 
kept at 17°C., and the lower at 16° C., would in one second transmit through ever}' 
square foot of horizontal surface a quantity of heat the mechanical energy of w'hich is 
equal to that of 2344 grains moving at the rate of one foot per second. 
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Principal Foebis* Eas deduced from his experiments on the conduction of heat in 
bars, that a plate of wrought iron one foot thidc, with its opposite surfaces kept 1° C. 
difeent in temperature, would, when the mean temperature is 25° C., transmit in one 
minute through mery square foot of surface as much heat as would mse one cubic foot 
of water 0°*0127 C. 

Now the dynamical equivalent in foot-grain-second measure of the heat required to 
raise a cubic foot of water 1° C. is 1-9157 X 10'*. 

It appears from this that iron at 25° C. conducts heat 3625 times better than air at 
1C°*6 C. 

M. Clausius, from a different form of the theory, and from a different value of 
found that lead should conduct heat 1400 times better than air. Now iron is twice as 
good a conductor of heat as lead, so that this estimate is not far different from that of 
M. Clausius in actual value. 

In reducing the value of the conductivity from one kind of measure to another, we 
must remember that its dimensions are MLT'^, when expressed in absolute dynamical 
measure. 

Since all the quantities which enter into the expression for C are constant except /a, 
the conductirity is subject to the same laws as the viscosity, that is, it is independent 
of the pressure, and varies directly as the absolute temperature. The conductivity of 
iron diminishes as the temperature increases. 

Also, since y is nearly the same for air, oxygen, hydrogen, and carbonic oxide, the 
conductivity of these gases will vary as the ratio of the viscosity to the specific gravity. 
Oxygen, nitrogen, carbonic oxide, and air will have equal conductirity, while that of 
hydrogen will be about seven times as great. 

The value of y for carbonic acid is 1'27, its specific grarity is of oxygen, and its 
viscosity ^ of that of oxygen. The conductivity of carbonic acid for heat is therefore 
about ^ of that of oxygen or of air. 

* Experimental Inquiry into the Laws of the Conduction of Heat in Bars,*’ Edinburgh Transactions, 1861-(52, 
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V. Experimental Researches in Magnetism and Electricity. By H. ^YILBE, Esg. 

Communicated hy Dr. Fabaday. 

Received March 26, — Read April 26, 1866. 

^ 1. On some new and paradoxical Phenomena in Electro-magnetic Inductmi^ and their 
relation to the Principle of the Conservation of Physical Force. 

§ 2. On a nno and powerful Generator of Dynamic Electricity. 

1. The principle of the conservation of force, as I apprehend it, is the definite quan- 
titative relation existing between all the phenomena of the universe whatsoever, both 
in direction and amount, whether such phenomena be considered in the relation of 
cause and effect, or as antecedent and consequent events. 

2. In the particular application of this principle to the advancement of physical science, 
and also to the invention of new engines and machiner}' to meet the progressive require- 
ments of society, problems not unfrequently present themselves which involve the con- 
sideration of static and dynamic force, from several different aspects ; and the solution of 
these problems often brings out results which are as surprising as they are paradoxical. 
Of such cases, in which the idea of paradox alluded to is involved, may be mentioned 
the one contained in the oGth Proposition of Newton’s ‘Principia’ (Book 2, Cor. 2)*, 
and in D. Bernoulli’s ‘ Hydrodjnainica,’ p. 279; in which the repulsive force of a jet 
of water issuing from a hole in the bottom or side of a vessel with a velocity which a 
body would acquire in falling freely from the surface, is equal to the w'eight of a column 
of water of which the base is equal to the section of the contracted vein and about twice 
the height of the column which jwoduces the flowing pressure; the static force of reac- 
tion being thus double that which, without experiment, had been predictedf. An 
instance in wdiicli the quantity of dynamic force is increased paradoxically may be seen 
in that curious and useful piece of apparatus the injector, by means of wliich a boiler 
containing steam of high pressure is able to feed itself with wnter through a hole in its 
shell, though this hole is open to the atmosphere ; or the steam from a low-pressure 
boiler is enabled to drive the feed-w^ater through a hole (also open to the atmosphere) 
into a high-pressuie boiler. Although, when rightly interpreted, these examples of 
paradox, as well as many others of a Himilar character, are in strict accordance with tlie 
principle of conservation, yet they are at the same time contrary to the inferences which 
are generally drawn from analogical reasonings, and to some of those maxims of science 
which are framed for the instruction of the unlearned. As the examples cited are only 

* Principia, 2nd Edition. Ibid. 1st Edition, Book 2. Prop. 37. 
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adduced for the pm'pose of illustrating some analogous j)henomena observed in connexion 
with certain combinations of static and dynamic force in molecular mechanics which 
form the subject of the present research, it is not my intention to enter into the ratio- 
nale of either of them, but to direct attention to some new’ and paradoxical phenomena 
arising out of Faeaday’s important discovery of magneto-electric induction, the close 
consideration of which has resulted in the discovery of a means of producing dynamic 
electricity in quantities unattainable by any apparatus hitherto constructed. 

3. If round a piece of iron forming the armature of a permanent magnet a quantity 
of insulated wire be wound at right angles to the line which joins the poles of the 
magnet, and if the free ends of the w’ire be connected together directly, or indirectly by 
tlie interposition of some conductor, a momentary wave of electricity, as is well known, 
is generated in the wire every time the armature is suddenly removed from the magnet, 
or suddenly approaches it ; and the 'wave of electricity generated by the removal of the 
armature moves in the opposite direction to that generated by the approach of the 
armature. With a description of this simple experiment, Faraday announced (in 1831) 
the discovery of magneto-electricity*, which was found to possess all the distinguishing 
characteristics of electricity derived from any other source. 

4. The force of a permanent magnet is usually estimated by the weight wdiich is 
required to separate the armature or suhmagnet from its poles; and if the question 
'were asked, for the first time, -what relation existed betw’een th(‘ sustaining-power of an 
electro-magnet excited by means of a magneto-electric macliine, and the sustaining- 
power of the permanent magnet from which the electricity was derived, it would pro- 
bably be answered, that since the permanent magnet was the primary cause of the 
phenomena, the electro-magnet would possess, at the most, no greater sustaining-po'wer 
than the permanent magnet. This, however, is not the case ; for I have found that an 
indefinitely small amount of magnetism, or of dynamic electricity, is capable of inducing 
an indefinitely large amount of magnetism. And again, that an indefinitely small 
amount of dynamic electricity, or of magnetism, is capable of evolving an indefinitely 
large amount of dynamic electricity. 

6. That Faraday himself stood on the threshhold of this discover}', ■^vill be obvious 
from the foilo'wing observations made by him in a paper “ On the Physical Character 
of the Lines of Magnetic Force” f, in 'which, when speaking of the magnet as a source 
of electricit}’, he says, ‘Mts analogy with the helix is wonderful, nevertheless there is, as 
yet, a striking experimental distinction between them ; for whereas an unchangeable 
magnet can never raise up a piece of soft iron to a state more than equal to its o'vvn, as 
measured by the moring wire (3219), a helix carrying a current can develope in an iron 
core magnetic force, of a hundred or more times as much power as that possessed by 
itself, when measured by the same means. In every point of view, therefore, the magnet 
deserves the utmost exertions of the philosopher for the development of its nature, both 
as a magnet and also as a source of electricity, that we may become acquainted with the 

* Philosophical Transactions, 1832, yol. exxii. t Philosophical M^azine, June 1852, par. 3273. 
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great law under which the apparent anomaly may disappear, and by which all these 
various phenomena presented to us shall become one'" 

6. As the investigations which led to the paradoxical conclusions enunciated above 
(4) were not originaliy intended for publication, but were undertaken for my own 
instruction, I find that it will be much more convenient to describe the experimental 
r^rdts in a more methodical manner than that in which they were obtained. 

7. The numerical determinations, derived from the experiments to be described, will 
be given wdth sufficient exactitude to allow of a comparison being made between them 
and those of other experimentalists. Other quantitative determinations will, for the 
present purpose, be sufficiently expressed by the terms “ greater ” and “ less,” as attention 
will be chiefly confined to a description of w^ell-dcfincd phenomenal efi'ects. 

8. Though I make use of certain conventional terms in connexion with the subject of 
these researches, it is not thence to be inferred that 1 hold to the opinion that specific 
entities distinct from ordinary matter are concerned in the production of phenomena of 
any land whatever. 

9. The apparatus with which the experiments w’ere made is shown in Plate VI. figs. 1-10. 
Two blocks of cast iron. A, A, of the form sliowm in figs. 1, 2, 3, and two pieces of brass, 
B, B, of the same length as the cast-iron blocks, w’ere bolted together at the top and 
bottom with small brass bolts, in such a manner as to form a compound hollow cylinder 
of brass and ii'on, hereafter called the magnet-cylinder. A smooth and parallel hole C, 
If inch in diameter, was bored through the magnet-cylinder ; and the thickness of the 
brass packings, B, B, sejmrating the iron sides of the cylinder from one another, w^as 
three-quarters of an inch, or nearly half the diameter of the hole. Tw'o pillars of 
wrought iron, D, D (fig. 3), were screwed into the cast-iron projections E, E (figs. 1, 2, 3) 
at each end of the magnet-cylinder, for the purpose of holding the cross-heads F, F, 
fig. 3. These cross-heads were made of brass, and were bored out concentrically with 
the hole thi'oiigh the magnet-cylinder, so as to form suitable bearings in which the 
Journals of an armature might revolve. 

10. The armature, which w as of the same form as that used by Siemens (figs. 4, 5, 6, 7), 
was made of cast iron, and was turned parallel throughout its entire length, and about 
one-twentieth of an inch less in diameter than the hole in the magnet-cylinder, for the 
purpose of allow ing it to revolve inside the cylinder in close proximity to it, but w ithout 
touching it The thickness of the rib G, uniting the segmental sides of the armature 
(figs. 4, 5, 7), was one-quarter of an inch. Tw'o brass disks or caps, H, H', having con- 
centric prolongations for holding the steel journals I, I, w'ere fitted by means of screw’s, 
one at each end of the armature. A pulley, K, for driving the armature was fixed upon 
the cylindrical axis of the cap H', and upon the axis of the cap H at the other end of 
the armature, a commutator, L, JJ, of hardened steel was fixed. 

11. About 163 feet of copper wii'e 0-03 of an inch in diameter, insulated with silk, 
was wound upon the armature (fig. G) in the direction of its length. The inner extre- 
mity of the wire was placed in good metallic contact with the armature, and its outer 
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extremity was connected 'wdth the insulated half L' of the commutator by means of a 
clip and binding screw. Bands, encircling the armature at intervals, and sunk below the 
surface of the iron in grooves turned out for their reception, prevented the convolutions 
of insulated wire from flying out of position by the centrifugal force attending their rapid 
revolution. The armature is represented complete in fig. 6, and in section in fig. T. 

12. A number of exactly similar permanent magnets (of the form shown in fig. 1), 
8 inches long, were made fi'om bars of steel 1 inch wide and a quarter of an inch thick, 
and the distance between the inner edges of the polar extremities of the magnets was a 
little less than 2 inches. The magnets weighed about one pound each, and they 
received very nearly equal degrees of magnetism, which enabled them to support a 
weight of about ten pounds each. 

13. On each side of the magnet-cylinder was a flat raised surface, M, M, figs. 2, 3, 
extending the whole length of the cylinder between the projections E, E. These 
surfaces were planed parallel with each other and with the axis of the magnet-cylinder. 
When the magnets, the legs of \vhich were somewhat less than 2 inches apart, were 
sprung upon the cylinder in the position shown in fig. 1, they were held in sufliciently 
good contact for the magnetism to diffuse itself equally throughout the entire mass of 
the cylinder ; the two cast-iron sides of which, consequently, formed the poles of the 
magnets. On the lower part of the magnet-cylinder four projections or feet, N, N, N, X, 
figs. 2, 3, were cast, by means of which it was bolted firmly to a wooden base- 

14. When the armature wns made to revolve rapidly in the interior of the magnet- 
cylinder, waves of magneto-electricity w^ere generated in the coils by the reversals of the 
magnetism in the rib G ; and from the peculiar construction of tlie cylinder and arma- 
ture, two waves of electricity, moving in alternate directions, were generated for each 
revolution of the armature. 

15. The rapid succession of alternating wnves thus generated could be taken from the 
machine as an intermittent current moving in one direction, by means of two steel springs 
(shown in the perspective drawing, fig. 10), when they were made to rub against the 
opposite sides of the commutator L. 

16. The waves of electricity could also be taken in alternate directions from the 
machine when required, by adjusting the springs so as to rub against the unbroken 
cylindrical part of each half of the commutator. 

17. The springs were placed in metallic connexion with the respective polar terminals 
of the machine, and to these terminals wires were attached for making the necessary 
connexions with those of a galvanometer or of an electro-magnet. 

18. The first series of experiments with the magneto-electric machine thus described, 
was made for the purpose of ascertaining what influence the number of magnets on the 
cylinder had upon the quantity of electricity generated by the machine, as indicated by 
the galvanometer. 

19. During these investigations, the armature of this machine was driven by steam- 
powTr at a constant velocity of three thousand revolutions (equivalent to six thousand 
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waves of electricity) (14) per minute. The direct current from the machine (15) was 
transmitted through one of Pouillet’s galvanometers of tangents, constructed by 
Kuhmkoeff, which was placed beyond the influence of the magnetism of the machine. 
The resistance of the galvanometer coils was so small in proportion to the resistances of 
the other circuits employed in these researches, as to render it unnecessary to take it 
into account. 

20. Four permanent magnets (12) were placed successively upon the magnet-cylinder 
at a distance of half an inch from one another, and as each additional magnet was placed 
upon the cylinder, the deviation of the galvanometer-needle was read off after it had 
taken up a steady position. The results of these experiments are shonm in the following 
Table. 


Table I. 


1 Xo of mapneth on cvlinder. 

DeTiations of gahanoint'ter 

Tangents of deviationg 

j 1 

29*25 

0*56 

2 

52*00 

1*28 

•'* 

62*75 

1 1-94 

1 4 1 

! ! 

67*75 

2*44 


21. In making these experiments, which have often been repeated at different times, 
it was invariably found that, when only one magnet was on the cylinder, the quantity of 
electricity generated by the machine was proportionately less than when two or more 
magnets were placed on the cylinder. This deficiency appears to me to be due to the 
small amount of magnetism of a single magnet having to diffuse its influence through 
the comparatively large masses of iron of which the cylinder and armature were com- 
posed. After making allowance for this discrepancy, together with errors of observation, 
it wall be seen from an inspection of the above Table, that, within the limits of these 
experiments, the quantity of electricity generated in the wire surrounding the armature 
of the magneto-electric machine is in direct proportion to the number of magnets on 
the magnet-cylinder, or to the quantity of magnetism induced in it. 

22. A second series of experiments was made w ith theriewof ascertaining tlie relation 
existing betw’cen the lifting-pow'cr of the permanent magnets on the magnet-cylinder, 
and that of an electro-magnet excited by the electricity derived from the magneto-electric 
machine. In these investigations the appai’atus shown in fig. 8 w as used, which con- 
sisted of a small electro-magnet, made by bolting to an iron block, forming the base of 
the electro-magnet, two jdates of iron G inches long, 3 inches wide, and fths of an inch 
thick. The inside distance between the two jflates was about 2 inches ; and the polar 
surfaces of the magnet were truly planed, as was also the uiidei surface of the keeper or 
submagnet used in connexion with it. This submagnet wns made of a small block of 
iron about 3 inches square and 1 inch in thickness, and was connected, by means of a 
link and swivel, to one end of a scale-beam supported at its centre by an upright pillar. 
From the other end of the beam depended a scale-pan, wdiich was weighted so as to 
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exactly counterbalance th^ weight of the submagnet. The stand supporting the scale- 
beam was firmly bolted to an iron lathe-bed, as was also the electro-magnet, which was 
placed in a vertical position beneath the submagnet. 

23. Around each side or plate of the electro-magnet, a length of 100 feet of insulated 
copper wire 0*05 of an inch in diameter was coiled, and the ends of the wires were so 
arranged that they could, at pleasure, be coupled up so as to form a single circuit of 200 
feet, or a double circuit of 100 feet in length. One foot of the wire on the armature of 
the magneto-electric machine had a resistance equal to 3 feet of the single wire on the 
electro-magnet. 

24. Experiments were made, in the first instance, for the purpose of ascertaming what 
influence the number of magnets on the magnet-cylinder had upon the attracth e force 
mutually exerted by the electro-magnet and the submagnet. As the scale-beam was of 
too delicate a construction to allow of the submagnet being placed in direct metallic 
contact with the electro-magnet, a piece of thin cardboard was fastened upon the poles, 
by means of gum. The wires of the electro-magnet were coupled up so as to form a 
double circuit 100 feet in length, the resistance of which was about one-tenth of the 
resistance of the armature circuit. The electro-magnet was excited by the direct current 
from the magneto-electric machine. The submagnet was then placed upon the covered 
poles of the electro-magnet, and small weights were introduced into the scale-pan of the 
balance until the submagnet was separated from the electro-magnet. 

25. In order that a more rigid comparison might be made between the quantities of 
electricity derived from the magneto-electric machine and the amount of the attractive 
force mutually exerted by the electro-magnet and the submagnet, the particular expe- 
riments, the results of wEich are given in Tables I. and II., were made simultaneously, 
the tangent galvanometer at the same time forming part of the same metallic circuit 
ns the electro-helices and the wire surrounding the armature. 

26. Coordinate results, such as are showm in Tables I. and II., were, however, obtained, 
whether the first and second series of experiments were made either together or sepa- 
rately. 

Table II. 


Xo. of magnets on cjlinder. 

Weight, in ounces, requiml to separate 
submagnet from electro-magnet. 

Squares of magnetic force of 
the magnet-cylinder 

1 1 

2-50 

2-50 

i 2 

11-25 

10-00 


24-00 

22*50 

! ^ 

38-00 

40-00 


27. The results amved at, as shown in the above Table, are somewhat remarkable, 
and have amongst themselves a well-defined ratio, such as would hardly have been 
expected from a bare consideration of the nature of the magnetism of the permanent 
magnet ; for when one magnet was placed on the cylinder, the weight required to sepa- 
rate the submagnet from the electro-magnet was 2*5 ozs. It might therefore have been 



m MAGJ^ETISM .AND ELECTETCTTT. 


95 


expected that two magnets placed on the cylinder would have induced a double amount 
of magnetic force in the electro-magnet, whereas the force required to detach the sub- 
magnet was equal to a weight of 11*25 ozs., or was a little more than quadrupled. From 
a further comparison of the numbers contained in the Table, it will be seen that (within 
the limits and conditions of these experiments, and after making allowance for a certain 
degree of imperfection in them) the amoimt of magnetism induced in the electro-magnet, 
as measured by the weight required to separate the submagnet, is as the square of the 
inducing magnetism of the permanent magnets of the electro-magnetic machine. 

28. Experiments were then made for the purpose of ascertaining to what extent an 
alteration in the length and section of the wires surrounding the electro-magnet would 
influence the quantity of magnetism induced in it. The electro-helices were therefore 
coupled up so as to form a single circuit 200 feet in length (23), and its resistance was 
about four-teuths of that of the wire surrounding the armature. The experiments were 
conducted in the same order as those in the preceding series, the thin cardboard being 
still interposed between the submagnet and the electro-magnet (24 ), and the following 
Table contains the results obtained. 


Table III. 


' Xo Of nia-iicts on CNlindcr. h' requireil to .epan<to j 
1 ' 1 subiiia'rnot fiom eleotro-majjiK'e | 

&>iaarc'> of ni igiictic forep of 

magDet-crlmder 

* 1 ' 5*00 i 

5 

1 2 1 28-00 ; 

20 

3 1 76-00 ! 

45 

S 4 i 144-00 1 

80 ! 


29. From a comparison of the numbers in this Table with those in Table II., it will 
be seen that the ratio of increase, as well as the amount of the magnetism induced in 
the electro-magn(‘t. has been considerably augmented by an increase in the length of the 
electro-magnetic circuit. 

30. Experiments w^ere also made with the submagnet in dhect contact with the 
electro-magnet without the* intei position of the cardboard, the arrangement of the 
electro-helices remaining the' same as in the preceding experiments (28). The small 
scale-beam and stand were removed from the latlie-bed, and were replaced hy a stronger 
apparatus of a similar construction. The results of these ex]>crimeiits are shown in the 
following Table, 


Table IV. 


1 Xu, of magnets on 

cvhndev m pounds required to separate 

j eubmagnet troin electro-magnet j 

Square- of magnetie force of 
iiiaonei-ejlmder. 

j 1 

1 31-50 i 

31*50 

2 

98-00 1 

126*00 

3 

! 150-50 1 

283-50 

i “ 

' 178-50 1 

50400 
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31. From an examination of the results of these experiments, it uill be seen that when 
the suhmagnet was in direct contact with the electro-magnet, the force required to 
separate them was very greatly increased ; but the ratio of this increase, as measured by 
the same memis as in the former experiments (22), is very considerably diminished ; for 
when one magnet was placed on the cylinder, the addition of a second magnet increai^d 
the susteining-power of the electro-magnet by 66 '5 lbs., whereas when three magnets 
were placed on the cyliuder, the addition of a fourth magnet was only attended by an 
increase of 2 8 lbs. in its sustaining-power. 

32. But the most extraordinary fact brought out in connexion with the latter series of 
experiments, is the development of a much greater amount of magnetism in the electro- 
magnet than that which existed in the permanent magnets employed in exciting it ; for 
while the four permanent magnets on the cylinder were only capable, collectively, of 
sustaining a weight of about 40 lbs., the electro-magnet, as will be seen from the Table, 
would sustain a weight of 178'5 lbs. 

33. In order that this remarkable property might be exhibited in a more striking 
manner, a large electro-magnet was constructed by screwing into a hea-vy iron block, 6 
inches in thickness, two cylinders of wrought iron 24 inches in length and 3J inches in 
diameter. Bound each of these cylinders an insulated strand of copper wires, each 950 
feet in length and 0T6 of an inch in diameter, -was wound from end to end of the cylin- 
ders in several concentric layers, and the two electro-helices were coupled up so as to 
form one continuous helix 1900 feet in length. The cylindrical poles of the ek'ctro- 
magnet were 8J niches distant from centre to centre, and were furnished with a suitable 
submagnet, which was connected by means of a link with a strong lever, for the purpose 
of measuring the amount of force necessary’ to separate the siibmagnet from the electro- 
magnet. 

34. When the four permanent magnets (20) were placed on the cylinder of the mag- 
neto-electric machine, and the electricity from it was transmitted through the electro- 
magnetic helices, a weight of not less than 1088 lbs. w^as required to overcome tlic' 
attractive force of the electro-magnet, or twenty-seven times the weight which the four 
permanent magnets used in exciting it were collectively able to sustain. It will, however, 
be shown hereafter (77) that this difference between the sustaining-power of a peima- 
nent magnet and that of an electro-magnet excited through its agency, great as it is, is 
very far from reaching the limits to which it can be carried. 

35. The question now arose, how the results obtained from these experiments were to 
he reconciled with the principle of the conservation of force, since it is now generally 
held by physicists that the calorific, magnetic, and other properties of the electric circuit 
are con-elated, both in direction and amount ; and to admit the coexistence of any one of 
these properties along with the others in a greater or less degree, under like conditions, 
would involve the idea of the miraculous or the pai-adoxical. 

36. In experimenting with the magneto-electric machine, it w^as found that the dead 
point of the armature, or that position during its revolution in which no electricity is 
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evolved, varied with the length or the resistance of the wires which joined the poles of 
the machine. It therefore became necessary to change the position of the commutator 
on the armature axis, to suit the different circuits through which the electricity w^as 
transmitted, so that the burning effects of the spark at the junction of the two halves of 
the commutator might be avoided when the direction of the current was changed. 

o7. When the commutator was properly adjusted to the resistance of the wires sur- 
rounding the electro-magnet (33), I observed that so long as the magneto-electric machine 
was allowed to run without its poles being connected, either with the wires of the electro- 
magnet or any other conductor, a brilliant star of light appeared at the points where the 
springs were in contact with the commutator (15) ; but when the poles of the machine 
were connected by means of a short piece of 'wire, the bright light at the commutator 
instantly disappeared. It was also observed that when the poles of the machine were 
connected with the long helices of the large electro-magnet, a perceptible interval of 
time elapsed before the light at the commutator disappeared. Besides this, it w’as also 
observed that, at the moment of breaking contact between the wires of the electro- 
magnet and the poles of the machine, a much more brilliant spark appeared at the 
points of separation, and a much more severe shock was felt when the body formed part 
of the circuit, than could be produced by the direct action of the machine alone. The 
latte]' effects could not, however, be obtained until a certain interval of time had elapsed 
after contact had been made betw een the electro-helices and the wires of the machine. 

38. Moreover, I found that a spark could be obtained from the wires surrounding the 
electro-magnet even after they had been entirely disconnected from the machine. This 
curious result was obtained by first holding the tree extremities of the wires surrounding 
the electro-magnet, one in each hand, in contact for a few seconds with the respective 
polar terminals of the machine, and w^hile contact was still maintained, bringing the 
ends of the electro-helices into metallic contact with each other, so that they formed 
a continuous metallic loop or closed circuit. The loop so formed was then suddenly 
removed from the polar terminals, and wiiile thus entirely disconnected from them, the 
ends of the loop w^re suddenly separated, and a bright spark appeared at the point of 
disjunction. With a larger and more powerful electro-magnet (67, 68), a bright spark 
was in like manner obtained, twenty-five seconds after all connexion w ith the magneto- 
electric machine had been broken*. 

39. None of the effects described, such as the great sustaining-power of the electro- 
magnet above that of the permanent magnets (34), the increased brilliancy of the spark 
at the point of disjunction of the wires (37), or the spark from the electro-helices after 
all connexion with the magneto-electric machine had been broken (3S), wnre observed 
when the alternating current from the machine (16) wns transmitted through the electro- 
helices, instead of the direct current from the commutator (15). L nder these conditions 

* Since this paper was read I have discovered that Dr. Page, in tSol, succeeded in obtaining a sp irk from * 
an electro- magnet, coiled with a very long wire, half a second after all connexion with the battery had been 
broken. — Sileiman's American Journal of Science, vol. xi. p. SS. 
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it was found that neither the small electro-magnet (22, 23) nor the large electro-magnet 
(33) would sustain even a weight of 1 lb. 

40. It was at first thought that the great difference observed between the sustaining- 
power of the electro-magnet and that of the permanent magnets which excited it, might 
be due to the helices surrounding the electro-magnet absorbing or retaining the electricity 
transmitted through them in a static condition, in the manner observed in insulated sub- 
marine and subterranean telegraph wires ; an investigation of which phenomenon, as it 
was manifested in gutta-percha-covered wires submerged in a canal, and in similar wires 
laid underground between London and Manchester, was made by Faeaday in 1853*. 

41. For the purpose of ascertaining whether this view of the subject was correct, a 
^ ery small and delicate electro-magnetic balance was constructed, similar in principle to 
the one shown in fig. 8. The small electro-magnet, fixed beneath one end of the balance, 
was coiled with a strand of insulated copper wires G feet in length and 0T5 of an inch 
in diameter. The submagnet was prevented from coming into contact with the pole«. 
of the electro-magnet by means of regulating-screws. Other regulating-screws limited 
the movements of the balance in the opposite direction ; and the distance of the sub- 
magnet from the electro-magnet could also be adjusted, by means of the same regulating- 
screws, to suit the different quantities of electricity transmitted through the electro- 
helices. 

42. This electro-magnetic balance was placed in the middle of the circuit of the 
electro-magnet (83), /. e. at the point where the two electro-hclices were joined together. 
The poles of the magneto-electric machine were then connected uitli the free extre- 
mities of the electro-helices for a few seconds ; and after the spark from the commutator 
had disappeared, the submagnet was so counterpoised, by means of small weights, as to 
respond immediately to the attractive force of the small electiv>magnet placed beneath 
it, so long as the electricity from the machine was transmitted through the helices of the 
large electro-magnet ; but when contact with the machine and the electro-helices wa'^ 
broken, it was observed that the submagnet was instantly withdrawn from the poles of 
its electro-magnet by the weights placed in the scale- pan at thf‘ opposite cud of the 
balance. 

43. The apparatus being thus arranged, it would follow that if the charge in the wire 
surrounding the electro-magnet were identical with that which is observed in insulated 
submarine-telegraph cables, a certain internal of time would elapse, after contact with 
the magneto-electric machine had been made, before the balance in the middle of the 
circuit would respond to the attractive force of the small electro-magnet placed beneath 
it. On making the experiment it was found that when contact was made with the 
machine, 1 *5 second elapsed before the balance responded to the attractive force. 

44. When placed in the middle of the circuit of a larger and more powerful electro- 
magnet (07, 68), excited by the same magneto-electric machine (18), the electro-magnetic 
balance did not respond to the attractive force until an interval of 15 seconds had elapsed. 

* Proceedings of the Boyal iDstitution, Jan. 20th, 1854. 
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45. But if tlie retardation of the current, as indicated by the balance when placed in 
the middle of the circuit, had been the effect of an aojumulation of static electricity in 
the electro-helices, it would also have been instantly attended by a rush of the full 
current of electricity into the helices at the beginning of the circuit, such as was observed 
in the before-mentioned experiments made by Fabaday (40). On making the experi- 
ment this was not, however, found to be the case ; for when the balance was removed from 
the middle and placed at the beginning of the electro-magnetic circuit, the wires being 
again joined up so as to form a continuous helix as before (33), it w’^as still found that 
1‘5 second, and mth the large electro-magnet (67, 68) 15 seconds, elapsed before the 
electricity acquired sufficient power to bring down the submagnet of the balance. 

46. When the large electro-magnet (67, 68) was excited by the electricity from a 
larger and more powerful machine (63), driven at a velocity of 2000 revolutions (equi- 
valent to 4000 waves) per minute, instead of that from the small magneto-electric 
machine, w^hich produced 6000 waves per minute, an interval of only four seconds 
elapsed before the balance responded to the attractive force of its electro-magnet. 

47. Moreover, the direction of the current in the electro-helices, as shown by the gal- 
vanometer, was the same after as it was before connexion with the electromotor was 
broken; w'hereas had the current, as shown by the spark obtained (38), been the result 
of a static charge of the kind observ-ed in insulated telegraph wires, the electricity would 
have discharged itself, wiien the place of disjunction was at the electromotor, in the 
opposite direction to that in wiiich it entered the electro-helices. 

48. The conclusions drawn from a consideration of these experiments are therefore 
opposed to the .supposition that the effects described are tlie consequence of a static 
charge of the kind observed to be retained by insulated submarine and subterranean 
telegraph wires ; but some of the phenomena described, — such as the retardation of the 
current when contact w’as made with the magneto-electric machine (43, 45), and the 
exalted electrical condition of the wire surrounding the electro-magnet, as show n by the 
voluminous spark seen and the severe shock felt when contact with the machine was 
broken (37), — are identical with the phenomena of electric induction observed by Dr. 
Hexky* and investigated by FAm\j>AY with the aid of the voltaic battery, and which 
form the subject of his Ninth Series of Kesearches in Electricity f. 

49. That an electro-magnet possesses the power of retaining a charge of electricity in 
a manner analogous to that in which it is retained in insulated submarine cables and in 
the Leyden jar, but not identical with it, is eAudent from the appearance of a spark at 
the point of disjunction of the wires a considerable time after all connexion with the 
electromotor has been cut off. The production of this spark appears to me to arise 
from the comparatively slow manner in which large masses of iron return to their normal 
condition after having attained a highly exalted degree of magnetism; the rate of 
decrease, however, being sufficiently rapid to allow the induction-current to manifest 

^ SixLiMAiir’s American Journal of Science. 1S32, vol. xxii. p. 40S. 
t Philosophical Transactions, 1835 , vol. eXXT, 
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itself in the electro-helices,, with a decreasing intensity, simultaneously with the decreasing 
flux of magnetism in the iron itself. 

50. It is this important retentive property of the electro-magnet which maintains its 
attractive force unimpaired, notwithstanding the intermittent character of the electricity 
transmitted through the electro-helices ; for, as is well known, no current whatever is 
produced from the armature of the magneto-electric machine when in certain positions 
during its revolution. These positions correspond, in some measure, with the dead 
points of the crank of a steam-engine, the fly-wheel of wHich performs the same function 
d/ynamically, as that which the electro-magnet performs statically, in the case of the 
magneto-electric machine. 

51. That the charge retained by the electro-magnet is, as has already been observed, 
much more powerful than that which the magneto-electric machine is of itself capable 
of producing, is erfdent from the severe shock which is felt when the body forms part 
of the circuit, and also from the more voluminous spark which appears at the point of 
disjunction of the wires w^hen contact with the machine is broken. 

52. That this increase of electric force in the electro-magnet is the consequence or 
effect of a certain number of electrical weaves transmitted through the electro-helices, and 
succeeding each other with sufficient rapidity to sustain the increasing flux of magnetism 
in the iron, is manifest from the time wdiich elapses before the electricity transmitted 
through the helices attains a permanent degree of intensity, and before the eh'ctro- 
magnet acquires its greatest amount of magnetism (45)*. 

53. That the length of time w hich was observed to elapse, and the number of waves 
which required to be transmitted through the electro-helices before the c urrent from the 
magneto-electric machine attained a permanent degree of intensity, and the electro- 
magnet acquii-ed its greatest amount of magnetism, are dependent upon tlie magnitude 
of the waves of electricity transmitted through the (dectro-helices, is evident from the 
fact that the same degree of intensity of the current (as measured by the balance), and 
the same amount of magnetism in the electro-magnet, were obtained with a much 
smaller number of waves, and in a shorter time, from a large electromotor, than could 
be obtained whtli a much greater number of weaves from a small electromotor (40). 
These observations will be further confirmed by experiments to be hereafter adduced. 

54. The cause of the great difference between the attractive force of a permanent 
magnet and that of an electro-magnet excited through its agency, and also the agreement 
of the phenomena with the principle of the conservation of force, now become sufficiently 
manifest to render it unnecessary, at the present time, to institute a more rigorous com- 
parison between the quantities of magnetism and electricity of the magneto-electric 
machine, and the quantities of the same forces developed in the electro-magnets (23, 33). 
Tire general conclusion which may, how^ever, be drawm from a consideration of the pre- 
ceding experiments is, that when an electro-magnet is excited through the agency of a 
permanent masmet, the large amount of magnetism manifested in the electro-magnet, 

^ Philosophical Transactions, 1840, p. 6. 
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simultaneously with the small amount manifested in the permanent magnet, is the 
constant accompaniment of, at least, a correlative amount of electricity evolved from the 
magneto-electric machine, either all at once, in a large quantity, or by a continuous 
succession of small quantities (45, 46), — the power which the metals (but more particu- 
larly iron) possess of accumulating and retaining a temporar}^ charge of electricity, or of 
magnetism, or of both together (according to the mode in which these forces are viewed 
by physicists), giving rise to the paradoxical phenomena which form the subject of this 
research 


§ 2. Or a nm and powerful Generator of Dynamic Electricity, 

55. The fact that a large amount of magnetism can be developed in an electro-magnet 
by means of a permanent magnet of much smaller power having been established, and as 
from the first series of experiments (Table I.) it W’as showm that definite quantities of 
magnetism are accompanied by the evolution of proportionate quantities of dynamic 
electricity, and since an electro-magnet, when excited by means of a voltaic battery, 
possess(*s all the properties of a permanent magnet, it appeared reasonable to suppose 
that a large electro-ma^et excited by means of a small magneto-electric machine could, 
by suitable arrangements, be made instrumental in evolring a proportionately large 
quantity of dynamic electricity, notwithstanding the pulsatory character of the electricity 
transmitted through the wires surrounding the electro-magnet. 

50, Tw’o magnet-cylinders, of similar construction to the one already described (9) 


' Snict' tJic of tlie ub'-traot of tin's; paper in. tlie Proceodinp-s of the Royal Society, my attention 

bt' '11 (lirecii'I to Koveral otLonni'' of expoinnent^ in Mliidi tloctro-magniets, excited by meuiih of magiieto- 
flecu'’ liuve been made to MWlain (•oii'^iderable weights. The mod important of those accounts 

vrlijf'h hai t i onie luidei niy notn i . is one contained in Sn j diax‘> Journal of Science for vol. xlviii, p. St'-J. 

in wliivh it 1 - stated that lU I’k.p, by me iris of u magncto-electnc machine, made an eb'ctro-magnct sustin 
a weight of ]0(M) Ihs. 

Anotln'i aeeoimt to whith 1 iuive been rolerrcd. is contained in a Treatise on the Electric Telegraph, by 
31 1 Abb" Pans, ] '^ .'S, in whidi it is stated (page lo, p. 7- in tlie second edition) that the Abb,^ 

3Ior(,x() and IJ i u, t p.n, by means of a small machine, niude an ole tro-magnel sustum a weight of dUu kilogrammes. 

In licit her nt tliese uoi ounts, however, doch aiiydiioii compainon .ippear to have been made bctwien the 
sustaiuing-powcr of tlie ]»crm)inent and the ilectro-magncV. as no mention is therein made of the Midaining- 
jiower oi the permanent magnets, nor are they (the peimanent magnets) spct die ally inentione<l. 

In a hnel notice of my cxpciiments wliieh apiicared in ‘ ].es klondos ' or September dth, Hdti. of which 
Joiinial 31. 1 A), ho 3 Loigxo is iho editor, he gives what plufe^s^ , to be a ({uotaiiou from his * Tiaite de Tde- 
gra])hie Electrnjue,' in which he has introduced a statement specilMiig the sustammg-powtr ot the permanent 
magnets used in his experiments, although no such statement m to he found lu the ticati&e from which the quo- 
tation is taken. 

Another discrepancy with reference to the account of 3IoioxoV expciiments aho occurs in an article on 
“3\iLni:s 3Iagiieto-electric Machine." in the Quarterly Journal of Smcime lor Octolier ISdO, in which the 
writer noukl seem to haie mistaken a small electro-magnet (^nsed onl\ as an adjunct to a magneto-elet trie 
machine, and which Moigxo state,s would only support a few grammes) f.tr the p.eimanent magnets which excited 
the electro-magnet ; and from this error it is made to appear that the permanent magnets used by Moigxo 
would only sustain a few grammes. 
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(%& 1, 2, 8, 0), were tfeei^cwe mad^ having a bore of 2| iaelm and a of 
inches, or five #ie diameter of the ham. 

hi. M fee(|u«t mention will have to be made of the dtoent-ri^ jrodiffies m* 
jdoy^ in lavestigations, they wili in fntare be ^tingni^ted by <^il®e^or 
the ai the bore of the magpet*cylinder. 

58. JkiA eylmder was fitted with pillars, cro^heads, and an amatare amilar to th<^ 
alr^dy d^odbed (9, 10) (figs. 3, 6). Around each armature vm eoEed an in^iiated 
strand of copper wires 67 feet in length and 0’15 of an inch in diameter, the extread^^ 
of which were respectively connected with the two halves of a commutator fixed on the 
axis of each armature (10). Upon one of the magnet-cylinders (fig. 1) sixteen perma- 
nent magnets, of the form shown in the figure, 12 inches in length, were fix^. l^h 
oi the m^nets weighed 3 lbs,, and would sustain a weight of 20 lbs. 

69. To ^ sides of the other magnet-cylinder, an end view of which is shown in 
fig. 0, two rectangular pieces of boiler plate, O, 0, 12|^ inches long, 9 inches wide, and 
f of mi inch thick, were bolted parallel with e^h other and between the iron |mckings 

P, P, F, F. The upper extremities of these plates were united by means of a hollow 
bridge, Q, to which they were bolted, along with iron packings similar to those on their 
lower extremities. The bridge was made of two thicknesses the ^ime boiler-plate 
iron as that of which the sides were made ; and for the purpose of eosuring good contact, 
its edges, as well as those parts of the sides of the rectangular plates in contact with 
them and with the magnet-cylinder, were planed to a true surface. An insulated strand 
of copper wires, 350 feet in length, and of the same diameter as that on the armature 
(58), was coiled round each of the rectangular iron plates in a direction parallel with 
the axis of the magnet-cylinder. The two coils were united so as to form a single circuit 
700 feet in length, the free ends of which were furnished with suitable terminal screws, 
for the purpose of connecting them with the wires from the 2 J-inch magneto-electric 
machine. A perspective view of this machine is shown in fig. 10, but on a much larger 
scale than the magneto-electric machine which is placed on the top of it Hie 2|-mch 
magneto-electric and electro-magnetic machines were placed side by side upon a strong 
wooden base, and their armatures were driven simultaneously from the mme driving 
shaft, at an equ^ velocity of about 2500 revolutions per minute. 

60. Experiments were then made for the purpose of comjmringtbe quantities elec- 
tricity evolv^ from the magneto-electric and electro-magnetic madaines, as measur^ 
approximately, by their heating effects. When the alternating waves from the m^- 
neto-electric machine were transmitted through a piece of No. 20 iron wire, 0*04 of an 
inch in diameter, a length of 3 inches of this wire was raised to a red heat. 

61. The direct current (15) from the magneto-electric machiim was then teaamaitted 
through the coils surrounding the iron plates O, O, which bring united by the bridge 

Q, formed a powerful electro-magnet similar in construction to tiiat invented by Joule*, 
and having for its poles the two sides of the magnet-cyhnder. When the alter- 

* PliilosopH^ Magazine, S. 4. vol. iii. p. 32, 
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feom <Ms ais«Miie w^e transmitted throng to i^l€- 

kcmipto as w® tts^m top?i»;afiag ^g^rimcsE^ Sinclies of it were melted md 
a S4 was to a fed beat. 

62. A <»iB]^ison ^ the bating eibcts of the two machines, as found by these ®i;pe- 

raa^te, mit the importaat tot, that a much gimter amount of electridty is 

evol’red hrcHn to decteo-magnetic mathine than is evolved mmnltaneonsly from to 
imgneto^iedaic machine. Moreom-, cotodering to smallneM of the quantity of iron 
(rf which to armature was made (only five pounds), and of the coiner wire surrounding 
it, the weight of which was only 8 J pounds, the heating effects of the electeo-magnetic 
machine are Tery remarh^le. Cto of the most energetic generator of dynamic elec- 
tricity is that invented by Geovs, aikd it was found fi-om experiments made with four 
nm cells <ff this lottery, the platoa plates of which were 6x3^ inches, with donble 
zinc plal^ well amalgamated, and charged with concentrated nitric acad and a strong 
solution of sulphuric acid, that ten cells of this powerful arrangement would be required 
in order to produce to same heating effects as those produced by the electro-magnetic 
machine. 

63. For the purpose of ascertaining in what ratio the power of the electro-magnetic 
machine would be increased by an enlargement of its dimensions, a machine was con- 
structed double to size of the one described (69), but of precisely the same proportions. 
The bore of the cylinder was 5 inches in diameter, and its length 25 inches. The 
copper wire strand surrounding the electro-magnet was 1170 feet in length, and weighed 
about 390 lbs. The armature of this machine was coiled with an insulated copper 
strand 84 feet in length, the weight of which was about 28 lbs. 

64, When the electro-magnet of the 5-inch machine was excited by the 2|-inch mag- 
neto-dedxic machine, the armature of the 5-mch machine being driven at about 2000 
revolutions per minute, the electricity from it melted 15 inches of No. 16 iron wire 
0'075 of an inch in diameter. Now it was found that a piece of No. 15 iron wire 
16 inches in length, was about seven times the weight of 8 inches of the wire melted by 
to 2|^inch electro-magnetic machine (61) ; and as the 6-inch machine was about eight 
times the weight of the 2|-inch electro-magnetic machine, the increase of power of the 
5-inch machme, as measured by its heating effects, appears to me to be nearly in direct 
pro|«>rtion to the inorea^ of ite cubical dimensions, after allowance has been made for 
the dimin i f hed speed at which the armature was driven, together with the small incre^^ 
of powmr whnh m^ht have been obtained had the electro-magnet been excites! by a more 
powerful magnete-eledaic ms^hine. 

65, Ftn* the purpo^ of looming to what extmit the power of the electro-magnetic ma- 
chme might beincre^d hy mi exaltation of to magnetism of the electro-niagnet, with- 
out chasing to sj^[ at whi^ to armature was driven, the electro-magnet of the 
5-toh machme mm ezdM hy to direct current from the 2 J-inch debtro-magnetic ma- 
duto (§9), to latter h^ig m ite turn exmted by to 2 J-inch magneto-dectric machine 
(58). On making to exj^tofet, it was found that although the magnetism of the 
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electrcwnagnet {6S) ms-conadembly increased, yet this increase wm only acceiQ|^Eii^ 
by a vmy sm^ ^^tional quantity of ekctridty from the annature ; thus shoimig that 
the full power 5-inch machine had been very n^ody attained, when ibs electro- 
ms^et was existed by the 2|-mch magneto-electric machine alone 

66. Ha?ing found that an increase in the dimensions of riie eleetro-magneric madrine 
was accompani^ by a proportionate and satisfactory ihcrea^ of the magnetic and elec- 
tric forces, a 10-indi electro-magnetic machine was constructed; and as its calorific and 
iUnminating powers are very remarkable, some particulars respecting tiie machine, 
together with a few experiments made with it, may perhaps be found to possess some 
interest, especially for those physicists who are engaged in determining the qnmititative 
relations existing between the various forces as manifested to the senses. 

67. In describing the different parts of the machine, reference will still be made to 
figures 1-9, which have been drawn to a proportionate scale. A perspective view of 
the machine complete is shown in fig. 10. Each side of the electro-magnet O, O, 
fig. 9, is made of a plate of rolled iron 48 inches in length, 39 inches wide, andl-| inch 
in thickness. The wrought-iron bars P, P, F, P', bolted to the upper and lower 
extremities of the plates, are 6 inches wide and 2 inches thick. These bars are some- 
what longer than the width of the plates, and are secured to the sides of the magnet- 
cylinder, with the plates between them, by means of iron bolts 1 inch in diameter. The 
bridge Q extends the whole length of the bars P', F, and is made of two plates of rolled 
iron 43 inches long, 16 inches wide, and 1| inch thick, separated from each other by an 
iron packing 3 inches in thickness, which makes the entire depth of the bridge equal 
to the width of the bars F, F. The bridge is fixed between the side plates by means 
of long iron holts 1 inch in diameter, extending from one side of the magnet to the other, 
as shown in the figure. All the component parts of the electro-magnet which required 
to be fitted tc^ether were planed to a true surface, for the purpose of ensuring intimate 
ferruginous contact throughout the entire mass. The total weight of the iron of the 
ei^tro-magnet, exclusive of the magnet-cylinder, is a little more than 1*5 ton. 

68. Each side of the electro-magnet was coiled with an insulate amductor, consisting 
of a bundle of thirteen No. 11 coppa: wires, each 0*125 of an inch in diameter, Imd 
parallel with each other, and bound together with a double covering of linen tape, after 
the manner adopted by Joule in the construction of his dectro-magnets*. The length 
of conductor coiled round each side of the electro-magnet is 2400 feet, and the outer 
extremiti^ of tfie coils are coupled up so as to form a continuous circuit 4800 feet in 
length. The inner extremities of the coils terminate in two insulated metel studs fixed 
upon the wooden top of the machine (fig. 10), The total weight of the two coils 
is 1*0 ton. 

69. The ma^et-cylinder consists of two masses of cast iron 50 inch^ in length, sepa- 
i^ted from each other by an interwd of 5 inches, by means of Mocks of brass pke^ at 
intervals along the top and bottom of the cylinder. All the fiat surfeces of tiie latter, 

* Aimah of Electricdiy, toI. v. p. 472. 
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m:W^ ^ tibe team Wa^# m emts&t mik them, axe traly piaa^ mi the 

pixte fd ^ ^Mate ax© bolted togeAer at the top and bottom by of 

^dl¥e bolts 1 ii«^ ia dmmet^ Ibe bore of the imjgiiet-cylmder is 10 Htche% 

atel its weighs wtoi fitM up with irmi piEaas aad bram f^om-h^ids, is 1*1 ton. ' 

70. Ibe madteie is ftinii^ed mtii two armatu]^ one lor the production of “ inten* 
mid the <^er for the production cf “ quantity” ^ecta These armatures are made 

of imst iron, mA arc precisely alike in dimensions, as they were east from the same 
pdtem. Ihe frnekness of foe lib G, %. 5, uniting foe s^mental sid^ of foe armatures 
is l‘7b inch, and the latter are turned <m©-eighfo of an inch leas in diameter than the 
bore of foe magnet-cylinder. A pulley, 10 inches m diameter, is keyed upon one end 
of each armature, and upon the other end is fixed a commutator, by means of which 
foe waves of electridty from the armature can be taken, either in the mme or in alter- 
nate directions as required (15, 16). 

71. The intensity armature is coiled with an insulated conductor consisting of a bundle 
of thirteen No. 11 copper wires, each 0T25 of an inch in diameter, foe same as that 
coiled round foe sides of foe electro-magnet (68). The conductor is 376 feet in length 
and weighs 232 lbs., and is covered with a casing of wood extending the entire length of 
the armature, for the purpose of protecting it from external injury. Strong bands of 
sheet brass, 1 inch in width, endrde foe armature at intervals of 6 inches, for foe purpose 
of keeping the casing and foe convolutions of the conductor in position during their rapid 
revolution (11). The total weight of this armature with all its fittings is 0-3 of a ton. 

72* The quantity armature is env^oped with foe folds of an insulated conductor, con- 
sisting of four plates of copper, each 67 feet in length, 6 inch^ in width, and one-six- 
teenth of an inch in thickness. These plates are superposed in metallic contact with 
each other, so as to fonn a single copper plate one-quarter of an inch in thickness, 
67 feet in length, and nearly wide enough to occupy foe entire width between the 
s^mental sid^ of foe armature. This division of foe conductor into four plates was 
made for foe grater convenimice of bending it round the armature. The inner extremity 
of foe conductor i§ held in intimate contact with foe body of the armature by means of 
fiat-headed screws ; and foe convolutions arc insulated from one another by placing 
between fom a band of thick cotton and india-rubber fabric, of foe ^me length and 
width as foe laminated conductor; and foe edges of foe latter arc insulated from the 
rides of foe armaforc by means of foin pec^ of wood. The outer extremity of foe con- 
ductor is tmmin^ed by a thick copper stud which cx)imects it with foe insulated half of 
foe ^mmutator fixed cm foe mmature aaris ; and foe cjcmvolutions are retained in porition, 
by means of hands, in. foe E®me ma-rmer as foos® of the intensity armature (11, 71). 
Ihe we%ht (d foe lamiimt^ iK]»pper comiuctor is 344 lbs., and foe tofcd wright of foe 
arcaature is 6*^ of a tem. 

73. 3^ armatorei wercai^n^My Manced hdbre teing placed in foe magnet-cylinder, 
fear foe pus^re ^of avoid^ fo^ ex^^ve vibratiems which were ^oduced when they 
revolved at hig^ vrilmties wifooml tedanced. By m^ms of a small carriage, foe 
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1^ ixk^sm^ amatoies ms&f b# m^mnta fitm 
ftud lim required, m the ceiixee d « fw wim^ the 

Mmg end d fee an^me beii^ leadily i^i£a>v^We im ttart pwipeee. 

74. Tk^h ^ total wd^ht of t^ l#*meh eiecti^s-iii^iiefe madiljie etm^feto is 
wry coa^mWe, bang nearly 4*5 tons, yet ks^n^naaEis arecomfia^^ym^ i4w?e 
^ ^igth of ms^Mne, indading fee ln:a^ aH:^s-heafe» is <^y 86 ik 

i$idii M imch^ and ito height 60 inches. 

76. Experiiriaite wae first made with tlm machkie, for the pnrpog^ dP testing ito power 
when fee lar^ electKHaagnet was exdted by magneto-electiic mid eledro^ti^etic toa- 
feines of varions sizes. The 10-inch machme» as well m fee machine mdt for ^dfe^ 
it, were all drivai from fee sa^ countershaft by means of pulleys of smteble dimendons. 
The inteimity and quantity grmatores (71, 72) were drivmi at a uniform velod^ of 
about 1500 revolutions per minute, by means of a broad leafeer helt of fee strong^t 
description. The springs for taking fee eiectridty from the 10-inch machine were ^m- 
nected, by means of large coj^r conductors, wife two insulated plates of copper let into 
fee under side of .an experimental table. On the upper side of this table were two 
moveable brass studs, sliding in good ©mtact with the copper plates, and forming fee 
polar terminals of the machine. 

76. The quantity annature was first plcKJed in fee cylmder, and fee brings were so 
arranged as to take fee aitmnating currents of dectridty from fee polfflr termmals (16). 
The direct current from the small magpeto-electaric machine, having on its cylinder six 
permanent magneto, such as were used in fee first series of experiments (12), was then 
transmitted through the cods of fee electro-magnet of fee 6*mch electro-magnetic ma- 
diine (63); and fee direct current frum fee latter was simultaneously, mid in like 
mmmer, transmitted throtgh fee cmls of the electro-magnet of fee 10-inch nmchine. 

77. This combinaticm of fee machines, when in foil action, was att^ded by the deve- 
h^ment of an amount of magnetic fence in the large electro-magnet for esK^eding any- 
femg which has hitherto been produced, together wife fee evedution of a quantity of 
dynmnic electricity from fee armature so miormous as to melt piec^ d cylindrical irtm 
rod 15 iuches m length, and folly one-quarter of an indi in dimneter. Wife fee 
Mine arrangement, fee electiidty from the quantity amature alto melted 15 inchM of 
Ko. 11 copper wire 0*125 of an inch in dimneter. 

78. When the intensity armature (71) was placed in fee cylinder, fee combination of 
fee nmchhm semahung fee same m in the precefeig ai^pmmmto (76), the aliening 
current from fee armature melted 7 foet of llo. 16 iron wire 0*W§ d m frdh in 
diamet^, and nmde a length of 21 feet of fee s®m© wire red-hot 

70. The ill uTninatiug pov^ of fee eiectridty from fee ktmsity ai^^re m, m might 
be expected, of the most splendid description. Two rods of gaa-^hoiij Wf an inth 
^i^e, were placdt m fee earkmfe'olders of fee beaufeol apj^ns^ns Ik ngukting fee 
light, le^tiy mven^ by M. TbucAUi.'i', beMnd wh»fe a pir^i^c 

refiector 20 inches in di^neb^, so adjitoted as to mum fee mysof ight to divm*^ inm 
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il a ixmiiteaMe tibe electric kmp wm |daced at the top crif a lo% 

the light erolT^ £fom It was sufficient to cast ^e j^adows from the fymm 
tite street-lamps a quarter a mik distant upon the neighlwuring walls. When v|ew©d 
ffiom timt &e Mght was a very magnificent olq^t to ImhoM, the rays proceeduig 

&om the reflector having aH the rich effulgence of sunshine. 

80. A |aec^ of the ordinary sensitized paper, such as is used for photographic printing, 
whmi exposed to the action of the light for twenty seconds, at a distance of 2 feet from 
the refl^tor, was darkened to the same degree as was a piece of the mme sheet of paper 
when exposed for a period of one minute to the direct rays of the sun, at noon, on a very 
clear day in the month of March. 

81. The extmordinary calorific and Olnminating powers of the lOdnch machine are 
all ^the more remarkable from the fact that they have their origin in six small perma- 
nent magnets, weighing only 1 lb. each (12), and only capable, at most, of sustamii^ 
collectively a weight of 60 Iba ; while the electricity from the magneto-electric machine 
which was employed in exciting the electro-magnet was, of itself, incapable of heating 
to redness the shortest length of iron wire of the smallest si^ manufectured. ■ 

82. The production of so large an amount of electricity was only obtained (as might 
have been anticipated by the physicist) by a correspondingly large expenditure of mechar 
nical force, as the machine wl^en in full action absorbed, as nearly as could be estimated, 
from eight to ten horse-power. When the 2|-in6h magneto-electric machine (58) was 
substituted for the If-inch machine, in the combination before described (76), the 
magnetism developed in the electro-magnet of the 10-mch machine was exalted to such 
a degree that, although the strong leather belt from the mwn shaft, used for driving the 
countershaft, was 6 inches in width and acted upon a 'pulley 10 inches in diameter, it was 
scarcely able to drive the machine. 

83. It was, however, found, as in the case of the 6-inch electro-magnetic machine, that 
beyond certain limits a great augmentation of the magnetism of the decfro-magnet was 
only attfflttded by a sipall increase of electricity from the armature (65). "Hie results of a 
number of experiments, in which various quantities of electricity were transmitted through 
the coils of the electro-magnet of the 10-inch machine, proved that when it was exdt^ 
through the ^ency of the six permanent magnets, combined vrith the S-inch machine 
(76), the maximum amount of electricity from the machine, whmi working at a speed of 
1600 revolution |mr minute, had b^n nearly obtained. 

84. It wag also found that the marimum amount of power, as measured by the quan- 
tity of wire melted, was very nearly obtained from the 10-inch machine when its etetro- 
magnet was exdted by m^tns of a 5-inch magneto-electric nmchine alone, in^^ui of tiie 
combination of mapi^o-electiic and electro-magnetic machines used for that purpo^ (76), 

85. When tlie dbctro-nu^et of tile lO-inch machine was excited by means of the 

2|-inch ms^eto-el^tek midbiae alone (58) (as shown on the woodmi top of tiie mi^hine 
in %. 10), about two-ftuifls tiie amount of power from the 10-inch ma- 

chine wm obtained. 
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VL 0% ihB of the Fmm CeWtralis <fihe Smmu MeUna. By J. W. Hflei, 

Jmsta^ Surgeon to the Middlem: M<^al London Ophthalmic Eo^ 

p^(ds, Cm^mmmiei by Willum Bowman, F,EM. 


J^eoeived May 26, — ^Eead 14, 1866. 


The foUomng account of the fovea centralis is chiefly drawn from a study of this part 
in a perfectly healthy eye excised during life (in order to allow the extirpation of a 
tumour) and mstantly put into a solution of chromic acid. By instantly hardening the 
retina, the formation of the FUca and the resulting disturbance of the fovea were pre- 
vented, and it was possible to make extremely regular sections 

The fovea centralis is a minute circular pit in that central spot of the retina called, 
from its yellow colour, the macula lutea — ^yellow spot. This colour proceeds from a 
diffuse stain of the retinal ti^ues, and not from the presence of granulated pigment as 
in the choroid. It is most intense at the centre of the spot, and fades towards the cir- 
cumference of the spot, where it ceases gradually without a distinct margin, so that 
neither in the fresh retina nor in that which has been artificially hardened in chromic 
acid (which destroys the colour) can we use this as a measure of the extent of the 
spot. The size of the spot is, however, more certainly fixed by the extent of certain 
anatomical peculiarities which do not occur in any other part of the retina. 

The ophthalmoscopic appearance of the spot in the living eye is that of an ellipse, the 
major axis of whidi is horizontal. It is rather larger than the disk of the optic nerve, 
and comes into view when the eye under observation looks directly at the sight-hole in 
the mirror. It is distinguished from the parts around by its deeper colour and by a 
certain duliness, difficult to describe but readily appreciated when seen, which proceeds 
from the faintness or absence of the reflection occurring at the inner surface of the 
retina dsewhere. In children, particularly in those of dark complexion, the retinal 
reflection cea^ at the periphery of the macula with such a definite edge that the 
macula uppers as a dull, dark-coloured spot encircled by a bright ring. In the middle 
of the macula Intm a bright dot marks the position of the fovea centralis. 

According to the visual line (the straight line which joins the most ^n- 

sitive part of the retina and the object directly seen) does not coindde with the aads of 
the eyebril, as is commonly thought, but includes an angle with it ; and the most sen- 
titive point in the retina (the fovea) Kes slightly outwards, and usually a little below 
the posterior end of the axis of the globe*. 

In an artificMy hardened normal eye, in which the relations of the parts were undis- 
• Co^TExifTS, * Ke Tlie^e Sdims rad raraiHches Yoistdlras.* -Halk, IMl, Abdu 1. S. 250. 
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turbed, I tead tibe iiiteaac^ of the for^ focna the of the <^c w&m 

equalled If'. 

Iq w^^ms through the artididally hardened maecda the iows^ m wmt 

to be product by the radial dive^faiee of coue-fibres tea a ^twd f&m% mi by 
the thmm% iffid curvii^ of the inner re^al layers towards the outwr WB^sm «rf Ae 
retina m tibey approach ^is point The ^idotess of the retina deer^H^ ha & rapid 
uaif<ani eurve from the edge to the centre of the fovea, and v^y dowly from Ae &?ed 
e%e towards the ora retinm. Since the maxinium thickness coindd^ with e%e, 
and the minimum with the centre of the fovea, the former is the mo^ elemted, the 
latter the most depressed part in the macula. 

At the centre of the fovea, where the retina is thinnest, passing from the ontm: to tihe 
inner surface, we meet with the following structures : — the bacillary layer, fhe outer 
limiting membrane, a thin band of areolated connective tissue which tramanite a few 
cone-fibres, the inner granule and ganglionic layers reprinted by soattered' cells and 
not separated by a distinct granular layer, optic nerve-fibres, and lasdy, the inner limiting 
membrane. 

Minute Structure. 

1. The bacillary layer (Plate VII. fig. 1, i) in the fovea contains con^ only; and rods first 
appear fiiidway between the centre of the fovea and the outer border of the macula*. 

The foveal cones (figs. 2 & 3) are longer and more lender than those distant from 
the macula, and there is a amilar difference in the length and stoutness of the rods. In 
both rods and cones an outer and an inner segment are observable ; the outer in profile 
is a slender rectangle ; the inner is flask-shaped, and is in the cones much stouter than 
the outer s^ment, while, in the rods it only slightly exceeds the outer segment. 

The inner s^^ment is always associated in the usual manner, by inclusion or by a 
communicating fibre, with an “ outer granule” (figs. 2 & 3). Connexion by a fibre 
obtoins (1) with the central cones whose associate outer granules are periphemily dis- 
pkused, (2) with all cones associated with a distant outer granule, and (3) always with 
ibe rods whose smaller diameter does not allow them to include their granule. 

There is a definite outer limiting membrane which has the same relations to the 
baciUary and outer granule-layers as in other situations. 

(ktter Bremde-layer (fig. 1, s). — Owing to the peripheral situation of the outer granules 
belonging to Ae central cones, this layer is absent from frie centre of the fovm It 
begins at a short di^nnce from this latter, attains its maximum thicknet^near the foveal 
edge, then decreases gradually, and again increases towards the border of frie macula. 
This variation is due to the presence, at the margin of the fovea, of the granule Wongii^ 
to the caitral cones m addition to those connoted with the cones of dik and to 

♦ K 01 .PKEE says there are no lods in macula (Handhufih der ^wel^ekt^ Aafl. sv. S.'0#4). Tins 
frareaee |)©riia^ proceeds from the difficulty in fiaug the exact nsbaut (rf the mac^ m liKKwdc-sdd 
in whi^ the ^lour of the spot is 



M)TE4 (M TSE HUMAK BETmA. Ill 

mm^m ^ «oter gzmatiias ecmnect^ wi^ tibe oeetareiice of rods tow^s tlm iKarder 
of te 

Wm «f the oater gunnies to tiiie coses md rods (fij^. 2 & 3) (meatioii^ ia 

4ewiiption of badlkry layer) iiidi<ates them to be mdlei of the inner segments 
of th^. M f^h spedmmis Aey are roundly oval bodies. I have not been able to 
dhtingubh any cjimstot diffmren<» between those ^sociated with cones and those with 
rods, Ihe lozsraige-diape of some granules in chromic-acid preparations results, I suspect, 
&oin &eir <x>mpre^on by the sheathing membrane of the rod or cone which shrinks under 
the action of the acid, or from traction exmted upon them by the cone- or rod-fibre. 

The fibres produced from the inner segments of the cones and rods — ^primitive bacillaiy 
fibres (some of which coimect these with the outer granules, fig. 1 , a)— traverse the layer 
obliquely frtau its outer to its inner snrfece, and radially from the centre of the fovea 
towards the ora retinse,. At the inner sur&ce of the layer they combine in a plexus 
(fig. 1 , 8 , Cme^fire which at the centre of the fovea (wh^e the outer granule- 

layer is absent) lies between the bacillary and inner granule-laymrs, but at the margin 
of the fovea between the outer and inner granule-layers. The thickness of this layer 
(which in the chameleon I termed the cone-fibre plexus, H. Mullee’s intergranule-layer) 
at the margin of the fovea equals or slightly exceeds that of the combined outer and 
inner granule-layers. The general direction of the bundles of the plexus coincides with 
that of the primitive bacillary fibres in the outer granule-layer ; it becomes, however, 
less oblique in the inner part of the plexus, where the bundles run nearly pai-allel to 
the smrface of the inner granule-layer. 

These inner bundles midway between the centre of the fovea and the edge of the 
macula form a Maratum parallel to the surface of the inner granule-layer. Beyond this 
point, wi& mca?easiiig distance from the centre of the fovea, the obliquity of the bundles 
increases until at the margin of the macula their direction is vertical. 

At its inner surfece the bundles of the plexus (fig. 4) resolve themselves into primi- 
tive fibres which enter the inner granule-layer (fig. 1, 4 ) through a granular stratum 
of finely areolated connective tissue. At the edge of the fovea and at the border of the 
macula, where the bundles of the plexus are very oblique or nearly vertical, the primi- 
tive fibres pursue the same direction for a short distance in the inner granule-layer, hut 
where the bundle are parallel to the surface of the inner granule-layer, the resultant 
fibres pass off n^ly vertically into this layer*. 

* An obHqne has long been known in the inte)i^raainie-layer of the human macula lutea. Bekomah 

geems first to have ^^ieribed it as a natu ral appearance'. 

H. MtniEa asdSm^ncmi cd^mally r^arded it as a pcwt-mortem or m accidental change ; but snbs^aently 
MtoAxa, harii^ the clique fibres in toe chameleon’s mimula, saw their conespondenae to toe nblique 

fibres in toe intorgimi^e-iaysr ^ hmman macula, and acknowledged the oblique direction of these to be 
natural®. 

Kdmzia a y^ k^r daimbad tom Ictms of fibriHafion in toe human macula, mid idft it undedded which 

' Ihrnmtm, t rat. Med. B.F. V. S. 246. 

® H. Wfesb. Batnrwiss. Ztsch. Bd. iii. S. 31. 
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Jiww €hrmmksr 1, »).— At tJte ^ Amb Io¥^ m wtf tWa^ 

aad its imi&mi^ p^^es are not cleialy j^parated fs&m oatormci# el 

gffi^codc Ixf&t {1^. 6) ; bet at the loai^ of ^ it hm a 

thic^a^ gmseiar layer, now a dii^ct hm^ serrate it ircm ^ 

layer. gMitdes are roundly o?al audca of *000405® dlaa^^, «d hs^ cdk «f 
•0W69f® ^^eteri in wane of whidi a nucleus is disoemibla T!k& Mjm 

Tertiedly n^al ibres. Hie latter are ^iniied^ cm ^ mth 

UK^i&mna limitsois intern, and on the other with the thin gmnular hand iyisf 
tibe cone-fibre plexus and the inner granule-layer ; they are manifestly a mc^^d o^* 
i^ive tissue, ani form conspicuous obj^Jts when examined with an J® objedii^. 

The ohUqne fibres are much more delicate, and require the hi^st mi^ififiE^ powm 
for their demonstration (fig. 5). With chject^laas I traced tiheir ideattty witih 
;:fibr^ which enter the layer from the cone-fibre plexus {%. 4), mul I have also s^ the 
smrilm' innmr panules or nudei intercalated in the oblique fibres, ai^ ob^v^ th^ 
<x>nn^ themselves with tiie larger granules or cella 
2%^ OtannkBr Layer (%. 1, «).— This does not exist as a distinct layer nt the centre of 
the fovea, but appears at a short distance from it in the ai^le Imtween the ini^ panuk 
and ganglionic lay^. At the ma:i^ui g£ the fov^ it has a thichnei^ of *001027®, which 
it keeps with littie varialian throughout the macula. It tranmnits the cmiimctive tissue 
and nerve-fibres which pass between the inner granules and the ganglioa-oeila 
The Qanylimie Layer (fig. 1, ?). — At the centre of the fovea the ganglion-cdOb do not 
He in a continuous band, but are scattered in a double or treble i^ifes tiirough a , finely 
areohited matrix of connective ti^ue. At the marg^ of the fovea th^ lie closer t^e- 
tiler, four or five deep, in the spaces between the vertically radial conn6C^ve<tissue fibres. 
Thrcmghout the fovea ami marmla the cells are separated from the mmnbra^ Hmi- 
tms interna by a narrow granular band. Ihis latter is sti*ncturally identical wi^ ike 
granular layer; tiiroughout the macula and fovea it ccmtains optic nerve-fibres. 

€mmctwe-2^smie Bhmbdmree . — ^Ihe migm and distribution of vertically nM&d 


was aatarri: one, in wMct he says “the fibres in the int^granule-layer had mi obliqne and h^nzoni^ enrre 
(as SmoMiM mw them) ; ” Miothm*, in which “ they hmi a generafiy rerticd dimtitm brcdcen » double ^most 
rectmigsd® band 

It dom not, howeT^, s^^ear in their writings thi^ ^»MA3r, Mcuns, or actadly the 

^nnetimi of fibr^ of tiie intergrantde-lay^ ci the httmaa macnla with tiie fibmes of 

Uie other layere. KouncBB sa^ that he saw proc^^ fiom the eones (whidli he ealJb MBj-inn’s fibre®) in the 
mtergimBk-kyCT tiuoi^hont the macula, even in the fovea addii^ they can bt &mfy felhiW€4 to fibe 
inner grminle-hy^ f y^^ as he mil^qnmitly disputes ScBOxxin’s* — ^thal oy^me IHnSh^n in 

^ human macuk oeeurs in tiie ins^ part jrf the granule-lay® (a lay® wMA h® biiw«^ fee bacillary 
smd the intergrsmule-iay®)— he Imrm the subject, even so fer m bh( own yteervation go««, very ahl^uom 


* ISmKBE, H^db. to GeweMfem, iv. Aufl. S. 674. 

^ Bmmsm, Sitzm^ber. d® nmdenl^a. 0e8« in Bmm, l^X, I f^pcet tiN^ felt Im n^ be^ vritiife 
my reach, the r^mmce I take from Kdijsjam^e * SaiS^bnch.’ 



m tsm hcmak iha. 


118 


^kh o^tmt to oAa: pii^s of the retina, only their toi»<i»eg are 
wi^ difficulty tra^hle through the lying between the cone-ibr© 

i«d fh^ ii^f to whack most them appear to end. They are ako stoac- 

turdlly mrnss^&i Ae indiy areolated tone «>mposing toe ^nular kym:^ an^ 
forth^, with toe toterstiitod tissue which pervades aU toe layers. 

Bh&i^¥mml8 . — ^In none of my sections have I fmmd hlood*ves^ at the mitre of the 
fovea ; at toe amigto, however, capillaries occur, and immU aitortos are not uncommon 
within toe Itoiito of toe nmcula. The va®^ nowhere penetrate beycmd the outer 
surface of toe toner granute-iayer. ^ 

Beductiom, 

1. Since the total di the etfecto of light upon living tissue will he greater the 
extent of tkwie traversed by it is greater, and since the rdktive c^sum misitiveness of 
a suriBiuje varies with the number of distinct sentimit dements it contains, it Miows 
that the greater length of toe cones and rods, and their gtmtar slmi^ramss, whkh allows 
a larger number of them to toe superficial unit, are to harmony with the greater smsi- 
tiveness of the retina at the macula lutea. Ina^uch, however, as the foveal coi^ are 
stouter than the rods, a sup^dal imit at the mitre of the forea contotos fewer sentient 
(i. e. percipient) elemaits than the same unit near toe periphery of toe macula lutea ; and 
on this ground toe senmtiveness of the retina at the fovea toouid he less than that of toe 
retina near the periphery of the macuk. On tto other hand, toe extreme thinness of 
the toner layers of the retina at the centre of toe fovea, places the bacillary layer here 
most favourably for receiving incident light, 

2. The division of the rods and cones into an outer and an toner s^ment is natural. 
The fficts in support of this are, the presence of the division in perfectly fresh specimens ; 
its sharpness and constant occurrence at a defimte place; the constantly rectilmear 
figure of the outer, and the curvilinear figure of the inner segment ; the different refrac- 
tive powers of the segments ; and their different behaviour towards staining and chemical 
solutions. 

8. From these structural differences it is a fair inference that toe segments have dif- 
ferent physiological meanings. 

The higher refractive power, straight sides, and slender cylindrical or prismatic figure 
of the outer segmmat may he adaptations for confining within the segment light incident 
upon its mid, and fm: preventing toe lateral escape of light through the sides of the 
segment into nmghhmn 4itg cxines and rods. These considerations incline me to miopt 
the opinion that this segment has an optical fiinction, an opinion which derives jEurther 
support from toe Isct that, to toose animals to which the segment is so wide a cylinder 
that a ray might be tomd^t upon toe inner surface of its sides at a small enough angle^ 
not to be refieeted but to piss out, the s^ment is insulated by a toeath of black 
pigment 

The inner s^mente cf toe^m^ and rods are the spmjhdiy modtoed pmipherid termi- 
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m&mm <£ €^^««rf#4bres; and at thdr mOk 

vemoa dT %ht iata aarw-fon^ may take pla^. 

4 1%e Qatar ^raai^ beii^ tke aada of Ike iaaof pnkaMy 

maiatoia tke la^^tity of th^ as thrnes, aad aot ^a^med m ^ek 

sped&j as organs of parc^ptioa, 

6. Tte piimitiTe badHaiy fibres are the liak by whkk the ctm^ and rods ^imsiaai^^ 
tbioi^ ike mnea* graaales aad ganglion-cells with the optic nar^efibre^ 

6. Ike smaEer inner granules are nuclei of the obl^ue b^lkry fibr^ ia ike inner 
granule-layer ; or they may be small bipolar gangiion-oells, aad specifi^Ey on the 
forces transmitted through the oblique fibres from the cnmes and roda Ike larger inner 
granules not being distinguishable by any d^nite structural characters from frie smaller 
cells of the ganglionic layer, may agree with the^ latter cells in ftmction. 

7. Since the ganglion-cells (of &e ganglionic layer) ai?e fewer than the innef gran^^ 
and much fewer than the cones and rods, and since it is probable that these latter mm* 
municate with the optic nerve-fibres only through the ganglion-cells, it follows that one 
ganglion-cell probably is in correspondence with more than one inner granule and with 
several cones and rods. From this it is not an improbable conjecture that the cones aad 
rods are disposed in groups*, each of which is represented by one or more gaaglion- 
ceUs, the function of which is to cminect or coordinate the individual action of the 
separate bacillary elements in their groups in a manner analogous to that attributed to 
the ganglion-cells of the spinal cord by V. der k^diiK. 

8. There is a close general resemblance between the human fovea and that of the 
chameleon f, 

Desceiption of the Bute. 

PLATE VII. 

Kg. 1. A vertical section through the centre of the fovea centralis in the vertical meri- 
ridian, extending about halfway towards the periphery of Eie macula lutea, 
X240. 

1 . Bacillary layer. 

2 . Outer granule-layer. 

s. Cone-fibre plexus. 

4. A granular band between the latter and the inner granule-layer. 

«. Inner grannie-layer. 

6. Granular layer. 

7 . Ganglicmic layer. 

a. Centre of fovea ; h, membrana limitans externa ; e, membrmia Mmitans 
intema; <2, section of a blood-vessel. 

* I have an impressioa that I have seem this in a 0ermaa author, bmt have not been able to had the piss*^ 
e^ain. 

t H. MMsmt “ Teber d^ Amge des Warab. Hatonr. Z(hr, Bd, Si. 8. 
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1%. 2. Ikam mam ifrom the o£ the foiea, with outer granules lyfeg in ^dr 
^¥a:gi]^ primitive fibr^, X 1300. 

i%. S. Oones md outer ipmules from near the mai^ of the fovea. The mner seg- 
ments oi to cones are coarsely granulated ; toee include outer granules^ md 
all produce a fibre which runs obliquely Inwards through the outer granule- 
kyer, xlBOO. 

Fig. 4. A vertiod section showii^ the passage of the ^imitive fibres of the cone-fibre 
plexus into the inner granule-kyer midway k^een the centre of to fovea 
and the margin of the macuk lutea, xl300: u. horizontal band of inner 
bundles of the cone-fibre plexus detaching fibres which traverse ft, a finely 
areokted band lying between to plexus, and € to mner gianuie-kyer ; d, an 
inner granule in one of thei^ fibres. 

Fig, 5. A vertical section through to inner granule-layer near ttie «ige of the fovea, 
Xl300: a, to granular band marked b in to preceding figure; b^ to 
smaller granules ; c, the larger granules; d, obliquely directed bacillary fibres 
with which the granules are connected. 

Fig. 6. A vertical section through the inner kyers at to centre of the fovea, X 1300 : 
u, inner granules imbedded in areokted connective tissue ; J, ganglion-cells. 


Note . — In order to include these figures in one Plate they have been much reduced 
from the size of the original drawings, the fine outlines and delicacy of which can scarcely 
be reproduced by lithography. 
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YH. On, ^ Lems ef Cmmwim hetwem ths CmMtkm of a Chemical Change uni Us 
Jammd, % A. Vbbkok Habcoubt, JO., Student of Christ Church, and hemm^ 
^nior of Chmmstrfm the XhdversUy of Oaford^ and William Essojt, M.A., Fellow 
of Mmim College, Oaford, Communicated hg Sir B. C. Bbodie, Bart., F.B.S., 
Frefessor of Chemistry in the University of Oaford, 

Jteeeived Jtily 13, — KoTwaber 22, 1866. 

n. On the Meactim of Eydric Feroaide and Hydric Iodide, 

The reaction of hydric permanganate upon hydric oxalate, which formed the subject of 
the first part of this inquiry*, haring proved to be of a complex character, consisting in 
fact of several distinct reactions, it became necessary to seek for investigation a simpler 
case of chemical change. The reaction selected must at the same time combine all the 
other qualifications before enumerated, that it might be possible successively to vary its 
conditions and to measure its conditions and its amount 

After making trial of several reactions which appeared suitable, and being as often 
foiled by some practical difficulty in the proposed methods of investigation, we at last 
succeeded in devising for a very simple case of chemical change a method of investigation 
at once easy and exact. The reaction is that of hydric peroxide and hydric iodide, 

H2 02+2HI=2H2 0+l2. 

When solutions of potassic iodide and sodic peroxide are brought together in presence 
either of an acid or an alkaline bicarbonate, a gradual development of iodine takes 
place. If sodic hyposulphite be added to the solution it reconverts the iodine, as soon 
as it is formed, into iodide, but appears in no other way to affect the course of the 
reaction. Con^quently, if the peroxide be in excess over the hyposulphite, the whole 
of the latter is changed by the action of nascent iodine into tetrathionate, while the 
mnount of iodide remains always constant ; and after this conversion of the hyposulphite 
is complete, free iodine makes its appearance in the solution f. The moment at which 
♦ Philosoplmal Trai^actions, 1866, p. 193. 

t A solution of £K^o hypQStilpbite may b© mixed with a large volume of a dilute solution of potasac iodide 
and hydric sulfate or chhnide without undergoing any deonnpositton. It is not oxidized to sulphate, nor acted 
ci|»tt in any wsy in tins 8<dati<m by hydric peroxide; for its decomposition is accompanied by a formation of 
sulphur, which evmi in very minute qnmitity would produce a ^rceptible opalescence in the liquid under obser- 
vati<m. When hydric diloride has bc^ employed to addulate tiie solution, the addition of barium diloride after 
or during the set of experiments ppoducos no preeijutate. The quantity of sodic hyp»u^hite in the solution 
varies in oiMh esperimmt fiote tire maxhnum qumitity to zero ; the progress of the leaetioa is unjitfeeted by 
tins varu^oa. 
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tMs liberation of iotline b^ns may be most accnmtely ob^rved by the bd^ a Ittle 
starcb previously added to tbe liquid. 

In all the e:^rimeiits whose results are here recorded the ^me ap^^^is 
methods w^e employed. Ihe apparatus «mdsted of a ^hm cylb^sr M 
h%li and S b^^^ round which, widim 2| inches c£ the top, a bbe'im.e^Mdt hdo 
tlm f:y\m3m^ tibrough a bm^ closing its mouth, pajKed a thermcma^’ imd m i»y«rted 
:tenml4mhe ; the latter, which occupied the axis of the cylinder aid readmd moly to 
the bottom, was connected with an apparatus for generating carbonic add ; a toird hcde 
in the bung, which served to give access to the contents of the cylinder, was c^rdmardy 
dosed with a small cork. The method of performing an experiment was as follows. A 
quantity of water, purified from organic matter by redistOlation off potamc ^rman^- 
nate, was boded for some time to expel dissolved oxygen, and then allowed to cool in 
an atmosphere of carbonic acid. When cold it was poured into the cylinder which had 
previously been filled with carbonic acid, and a current of this gas, ascending in lar^ 
bubbles from the inverted funnel, was kept passing through the liquid until the clo^ of 
the experiment. These bubbles of gas, whose diameter is nearly hdf that of the cylinder, 
serve the purpose of stirring the fluid constantly and to any required degree, without 
causing loss or exposure to the air, and without danger to the thermometer. Measured 
quantities of the standard solutions were then introduced according to the particular 
experiment which was to be made ; for example, 60 cub. centims, of hydric sulphate 
and 10 cub. centims. of potassic iodide, together with in all cases a few cub. centims. of 
starch. Next, the liquid having been brought to the proper temperature, the cylinder 
was placed on a level stand, and so much more water added as would make the upper 
surface of the fluid exactly coincide with the line etched upon the vessel. In every 
experiment the same quantity of the remaining ingredient was taken, namely, 10 cub. 
cmitims. of a dilute solution of hydric peroxide*; thus the total volume was in every 
experiment the same. Two operations, however, had still to be performed b^re starting 
the reaction by the addition of peroxide. First, it was necessary to make sure in eadi 
that the fluid contained no trace of any oxidizing or reducing ^bstance. To thk 
end the colour of the fluid was brought to the &intest possible blue by the additi^ 

* The solabon employed in. most of tliese sets of experiments •was prepared by dissolving a weired quantity 

pore sodie peroxide in water, and adding twice the quantity of hydric sulfate required to neutralize it. Ihe 
alkaline solution of sodie peroxide, and the solution obtained by neutralizing this -with hydric sulphate, decom- 
p(®e slowly hut perceptibly from day to day ; the addition of a s«»nd proportion of acid rantes tte sirfution 
almost al®<dutely ^ible. In some sets of e3q)mmenta a pme solutimL of hydric peroxi^ was emj^i^ed, wMA 
w^ obtain^ by distiliing the wadifieii solution of sodie peroxide. The firat portions the cl 

water eontahung hut little ^^xide ; ^ the add liquid l^eomes more ccme^trated mA the 
hydric peroxide tomes over in cmimderable quantities, but hnally deetmipositioii sets in, acA the liquid in tire 
teimi eferves^ with scaping oxy^n. About of the peroxide my thus be edieeted in a ma^ dht tilktinu, 
The propmtion is not muck iucrea^ by dialling under a ^minkh^ atmoi^^herie It i» protkdde 

ftat by g^^p(ying water continuomdy ^ ae to ke^ flu^ is tiie reh^ at thid decree e€ 
wMeh the preside begins to come o’ver in quantity, seM'ly the whole might he Stilled. 
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to dmti^aaees, a tra^ ef so<lic hyposulpMte or hydric hypoAMte. 1£ 
^ #ie esd half aa iioirr the Mae tint had neither d^jened nor disappeared, it mts 
i^wddei^ experiment might be proc^edei with. Secondly, it was nec ^^7 

to irid a iTOasiure M sodic hyposulphite, Ibe first c£ a series of similar ideasn^ 
wMcb were to |day the part Mready indicated in the observation of the course of tbe 

Bi^m^sares needed to fhlfil two somewhat incompatible conditions ; they 
mws^ be ei^tly equal, or at l^st must stand to one another in a known ratio ; and they 
miiat he of very ^all volume in order that their addition might not materially augment 
the totel volume of fbe fluid. In the earlier experiments a pipette of about hah* a cubic 
^ntimetie capamty, with a capillary tube at either end, was filled with the hyposulphite 
elution by means of a siphon4ube provided with india-rubber nozzle and clamp. The 
lower end of the pipette having been wiped and prased gently against a pad of blotting- 
pap^, was inserted into the cylinder through the hole in the bung so as to ^p beneath 
the sorfece of the fluid. By applying the mouth to a piece of india-rubber tubing slipt 
over the upper end of the pipette, and alternately blowing and sucking, the chaige of 
hyposulphite was driven and completely washed into the great body of the fluid within 
the cylinder. This mode of measurement proved to be susceptible of great accuracy, but 
it <mly satisfied imperfectly the second condition, that of producing no material increase 
in the total volume of fluid used in the expmim^t. It wiU be seen that in some of the 
experiments hereafter recorded as many as twenty observations of the return of the blue 
colour were made ; the total quantity of hyposulphite that had been added at the close 
of such an experiment was toerefore 10 cub. centims., causing an increase of 1 per cent 
in the volume of the fluid. 

Subsequently a method of measurement was devised by which this souix^ of error was 
avoided. It consisted in collecting single drops of a strong solution of hyposulphite 
under circumstances fevourable to their perfect uniformity, and introducing these in 
suo^eiMon into the cylinder. The drops were formed at the end of a siphon of which 
the shorter limb passed into a bottle containing the standard solution, while the longer 
limb, clamped firmly to a solid stand, was protected at its extremity by an outer tube 
which extended slightly below it and served to shield the growing drop from currents of 
air. The riphon was at one point so contracted as to deliver not more than five drops 
in a minute. Ihe drops were r^eived in small tubes about 6 inches long, open at bofti 
ends ; in the side of ea^ tube near one extremity a round hole had, been blown such as 
woMd he made for the purpose of joining on another tube at right angles. Two fork^ 
were m pla^ on m&m side of the long limb of the siphon as that when one of the^ 
tohes hsai be® passed through and rested upon them it lay horizontally just under toe 
droppBD^point, and could easily be so adjusted as to receive a drop through its lateral 
Oj^ning. When a drop had Mien, the tube containing it was withdrawn and replaced 
by aaotoer tube unril a number of drops had been collected. An india-rubber 

cap was dipp^ over tlm 4r^pmg^point to stop toe flow of the Hquid. The whole 

apparatus remained always in leMiimi^, needing only the removal of its cap whenever it 



IM :k®shs. a. t. MAmmm Am> w. om mM laws m mmmmm 

was to series ®f dro(piS, The width. the ^ 

standard ^Intioa k so ^reat, in comparison wi^ the qaantity of Marion £m mj. 
one of experimoits, that the aTallable length of to riphon to of flew, 
uiK>n whoi^ eonstocy that of to drops depends, rmm m no appr^^ide 
Kameroas dfetominations were made with standard iodine elation of to Tsla^ of 
drops tiias mllected, and they proved to be perfectly equaL To introduce a drop into 
the flmd. in the cylinder, the end of one of the tubes thus charged ms dipp^ mto it 
and moved up and down, while an active stirring was carried on by means of to bubbles 
of <®ffbonic acid. 

When, then, the preparations already described had been completed and a sufficient 
number of tubes, each loaded with its drop, were lying in readiness, it remmned to add 
to the contents of the cylinder a measure of hydric peroxide, and to mix it as thoroughly 
and as rapidly as possible with the rest of the fluid. Since, however, the addition and 
mixing are fax from being instantaneous, an experiment was not made to date from this 
point, but from the moment of the first appearance of the blue colour. In order that to 
second at which this change occurred might be accurately noted, the cylinder was placed 
on a sheet of white paper in a good light, and opposite to it was stationed a clock 
beating seconds. Tbe paper lay on an iron plate, one end of which was heated more or 
less gently by a lamp according to the temperature at which to set of experiments was 
to be performed and that of the surrounding air. By moving the cylinder nearer to or 
further from the heated end of the plate, the temperature of the fluid could be convex 
niently regulated. The observations were made by looking down upon the column of 
fluid and watching the appearance of the disk forming its upper surface, listening at the 
same time to the heat of the clock and coimting the seconds. So suddenly does the blue 
shade pass over the clear and brightly illuminated disk, that a practised observer can 
generally feel sure as to the second in which the change begins. And where the reaction 
is proceeding very rapidly it would often be possible to subdivide the second. As soon 
as the observation had been made, a drop of hyposulphite was introduced, which speedily 
restores the liquid to its normal colourless condition. The time that elapses between 
two successive appearances of the blue colour becomes continually greater as the amount 
of peroxide in the solution diminishes, and finally the last measure of hyposulphite 
requires for its conversion more iodine than the residual peroxide can frindsh, and to 
blue colour never returns. The values of the measure of peroxide and of the drops aro 
readily compared by means of a standard solution of potassic permanganata To apply 
this reagent to the estimation of sodic hyposulphite, it is necessary to add to to i^lution 
potassic iodide and hydric sulphate, together with a little starch. The determination may 
thus be performed directly with the same result as though an acidifiedsolution of p>tasric 
iodide were first decomposed by permanganate, and the liberated iodine ware tiiaa u^ 
to measure the hyposulphite. The relation between the two reactions which occm: 
simultaneously in this determination is strictly parallel to that betwe^ to reaction of 
hydric pwxide and hydric iodide, which forms the subject, and tiie roaction of iodhwi 
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^am^m tim wthi^ of mir mves%a^oiL But whereas hj^e 
miM Oft hy to? iodide muck more dowly ttoa iodine acts on hypostdpMte, ^fdiie 
paiinmiga^te tinder the ^one drcumstances to form iodine even more mpidly 

than it is r^c^ So that in this case it is posable actually to see the double reaction^ 
for moh drop of permanganate as it enters the fluid developes for an instant the colomr 
of iodine. But the fact of the alternate action is proved independently of this observa- 
tion ; for while, m has been stated, the result obtained by the addition of permanganate 
to the mixture of hydric iodide and hypmnlphite is ihe smne as that obtained when the 
two reactions are caused to occur successively, the result of the direct action of hydric 
permanganate on hydric hyposulphite is widely different. 

The relation between the measure of peroxide and the drops of hyposulphite may also 
be determined in another manner. It is possible at the close of the actual set of expe- 
riments, having allowed the liquid iu the cylinder to stand until the action has come 
practically to an end, to determine the excess of hyposulphite by means of a standard 
solution of iodine or permanganate, and then to determine by the same means the value 
of an entire drop subsequently added. Hence we know what iraction of a drop, in 
addition to the entire drops previously introduced, has been required to reduce the whole 
of the peroxide, and this quantity (the whole number and the fraction) expresses the 
value of the peroxide at the commencement of the experiment. If we represent by r 
the amount of residual hyposulphite at the close of the experiment, and by d the amount 
in one drop, and by n the number of drops added between the first and last appearances 

of the blue colour, then ^ is the fraction of a drop which remained unacted upon, and 

is the fraction of a drop acted upon by the last portion of peroxide; and putting^ 

equal to^-j"? ^+jP is the whole quantity acted on, and may therefore represent also the 

quantity of peroxide at the moment of the first observation. At the moment of the 
second observation the quantity of peroxide is 1 -f-p? sind at the moments of subse- 
quent observations it is successively n— 2-j-p5 &c., until finally at the moment 

of the last observation only remains. Now the decrease of the peroxide is a measure 
of the amount of chemical change. Each time that the operation represented by 
H2 02+2HI=2H2 0+l2 

is performed a molecule of peroxide disappears. We may therefore regard the change 
by which parts of peroxide become parts as a definite portion of chemical 

change. Eepre^nting, then, the observed times by &c., &e. are 

the successive intervals in which as the experiment proceeds this portion of chemical 
change is accomplidied. Now if all the conditions of the reaction could be kept con- 
stant, if it were possible to reconvert the water which is formed into hydric peroxide, as 
it is possible, by placing sodic hyposulphite in the solution, to reconvert the iodine which 
is fomed into hydric iodide, the same event occurring always under the same con- 
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wies, ^ if»^tj of femsiie m ll^ si^^ioia; waA i^ ^m ^ma^ 

o&^iMies, :&e mmonaj^ of di^dod dam^ in « noM <xf m ^ t3»e 

loqpized £be n^mpHsixmeiitof a nail; of ^^peal oto%e mammm. !I]b fymm^ 

(the mmamt of ehemk^ chasge oocixrriiig within a gifen time) was the 
wUkh^ ws were able to detemine when mvestiga^ag the reaction in wh^ h^i^k 
manga^iie Is gmdnaliy reduced by an excess of hfdrk oxfdak. Ttm latter ftibe tims 
i^i^nred for a givm amount of chemical change) it that whidi we are able to m^i^me 
m the experiment which we have described. Eiih^ determination prorides ns mih the 
m^ms of calculating the rdation betweai the -amount of chemical diai^ mSi the 
tarying conation, that is, the continually diminishing amount of one of the active ^h- 
Stamm 

Tte following Table cont^s the results of one of our first sets of experiinents. Tte 
^mdard solutions employed in it and in subsequent sets were (1) dilute hydric sulphate 
containing *3T.gnn. in a cub. centim., (2) a solution of potassic iodide containmg *06 
grm, in a cub, centim., (3) a solution of sodic peroxide containmg *00127 grm. in the 
same volume. Of the first of these 100 cub. <^ntxias. were taken and 10 of each of the 
others. Hie total volume of the solution was vmj nemrly 1 litre. The measures of 
hyposulphite were such that 21*45 of them were equivalent when determined by per- 
manganate to the measure of sodic peroxide. Befmje starting the experiment, by adding 
ibe solution of peroxide, half a measure of hyposulphite was introduced. At the mo- 
ment, then, of the first appearance of the blue colour, from which moment the observed 
times in column II. date, the amount of peroxide in the solution measured in drops of 
hyposulphite, was 20*95. The numbers in column I* express the quantities of peroxide 
present in the solution at the observ^ed times, those in column IV. the intervals between 
two successive observalions, and those in column IIL the amounts of chemical change 
that occurred m tho^ intervals. 

We shall find it convenient to speak of such a series of observations made after the 
addition of successive measure of hyposulphite as a set of experiments, and to apply 
the term experiment to each addition of hyposulphite and the two observatioi^ which 
determuae riie corresponding interval 
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St'l ^ias^ ^ gtm^ i^ome of soloiieai 9#S cak centime 

tttfe 17° C. ; f = r^dtte of peroxide after t mins. ; f ‘-^= the time of a pc^im of 
chemicml change by which y is diminished to if. 


1. 

n. 

HL 

tfr. 

y- 

t. 



26-95 

6-00 


4-57 

19-95 

4-57 

1 

18-95 

9-37 

1 

4*80 

17-95 

14-50 

1 

5-13 

16-95 

19-87 

1 

5-37 

15-95 

25*57 

1 

5-70 

14-95 

31-68 

1 

6-11 

13-95 

38-20 

1 

6-52 

12-95 

45-23 

1 

7-03 

11*95 

52-82 

1 

7-59 

10-95 

61-12 

1 

8*30 

9-95 

70-15 

1 

9-03 

8-95 

80-08 

1 

9-93 

7-95 

91*27 

1 

11-19 

6-95 

103-88 

1 

12-61 

5-95 

118-50 

1 

1 14-62 

4-95 

135-85 

1 

1 17-35 

3-95 

157-00 

1 

I 21-15 

2-95 

184-53 

1 

I 27*53 

1-95 

223-46 

1 

1 38-92 

6-95 

291-18 

1 

67-73 


The relation between the series of numbers in these columns is represented by the 
curve, Plate VIII. This curve, which is drawn through twenty experimental points, 
corresponds to those which ^*ved in our former communication* to exhibit the rate at 
which hydric permanganate is reduced by hydric oxalate. Along the axis of a: is 
measured the time of each observation, dating from the commencement of the set of 
experiments, and along the axis of y the amount of peroxide present in the solution at 
each of the times. Through each experimental point a line is drawn parallel to the axis 
of w to meet a line drawn through the point next below it parallel to the axis of y. 
These lines represent the quantities measured in each experiment, namely, the interval 
between two successive observations, and the amount of chemical change. 

Startmg, then, from the point to which our previous investigations had led us, we 
inquired at once whether this curve was logarithmic, that is to say, whether the amount 
of action had in this case varied directly with the amount of the varying active substance. 
The equation expressing this hypothesis has been shown f to be 

where a is the amount of a^ve substance, u the residue after a time r, a the fraction 
disappearing in a unit of time, and e the base of Napierian logarithms. To the quantity 
a in this equation corresponds any of the values of ^ in the preceding Table, to the quan- 
tity u corresponds the next «iecesrive value of ^ in the Table, i. e. y, and to the time w 
* MosopHeal Traamcdc^, 186^ pjate XTOI. t Lee. cit. p. 208. 
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i^»Tesp(»ids ^ isieml #*—1 flarmg wMcIl qumtity^f hm Smwd^k^iolke qmd* 
tity y. So lite modified form of the equation which is apj^loahle to the preeedic^ 
Table is 

Now this moif written in tiie form 

or tidd^ the logarithms of botii sides of the equation, 

which exprei^es the fact the logarithms of the ratio of any two successive residues is 
proportional to the corresponding intervaL For calculation it is convenient to er^ress 
the equation in the deduced form 

% log p — % (t'— ^)= log a+ log log e. 

If, then, the differences between the corresponding values of log log p and log (f^t) are 

found to be constant within the errors of experiment, it may be presumed that the hypo- 
thesis above stated is correct. 

These values and their differences are given in the following Table. 


Table H. 


loglogA. 

log(^-0. 

iogiog^-iog(jr-o- 

2-327 

0-660 

5-667 

i-349 

0-681 

5-668 

2-373 

0-710 

3 663 

2-395 

0-730 

3-665 

2-421 

0-756 

3-665 

2-449 

0-786 

5-663 

2-478 

0-814 

5*664 

2-509 

0-847 

3-662 

2-543 

0-880 

3-663 

^579 

0-919 

3-660 

2-619 

0-056 

3-663 

2-663 

0-997 

5^6 

2-711 

1-049 

5-662 

^766 

1-101 

3-665 

.2-829 

1-165 

3-664 

2-f02 i 

1-239 

3-663 

2-991 

1-325 

3-666 

1-103 

1-440 

3-^3 

1-255 

1-590 

3-665 

T-495 

1-831 

5-664 
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of #ie i^aloes of log logp*^ log (^— #) is 3*664, and it will be seen titet eveary 

one of tibe valaes obtained for tbis d^erence from the several experiments approxima^ 
eio^ly the m^n. Those which exhibit the greatest deviation on either side 
are 3*668 and 3*660; and'it is important to a^jertain whether these deviations can be 
accKJunted for by possible errors of experiment. The errors may occur (1) in the 
m^isurement of the small quantities of sodic hyposulphite, (2) in the management of 
the temperature of the solution, (3) in the estimation the interval which 
depends upon two successive observations of the moment at which the colour of the solu- 
tion changes. If, then, we suppose that the whole deviation is due to an error committed 
in one of these operations, the rest having been correctly performed, we find that it 
might result either (1) from a particular measure of hyposulphite having been one per 
cent smaller or larger than the rest, or (2) firom the temperature having been 0°*13 too 
high or too low, or (3) firom an error of three seconds having been made in measuring 
an interval of five minutes. The second of these errors we may perhaps pronounce im- 
possible : the fluctuations of the temperature of the solution seldom exceed 0''*05, and 
by balancing a small oscillation on one side of the degree line by a similar oscillation on 
the other, the mean thermometric error during an interval may generally be reduced to 
a much smaller quantity. But neither of the other errors is such as might not possibly 
occur in one or two out of a large number of measurements and observations. It is, 
however, most probable that the maximum deviations firom the mean result are due, 
not to any single experimental error, but to the simultaneous occurrence of two or more 
errors in the same direction. For example, it may happen (and in eleven experiments 
it is an even chance that the case will occur) that the measure of hyposulphite is less 
than the mean, the temperature of the solution too high, the first observation made too 
late, and the second observation too soon. All these errors conspire to make the experi- 
ment in which they occur give too high a number for log log p — • log (f — t). And such 

a divergence as that in the experiment which gives for the value of this difference 3'668 
instead of the mean 3*664, would occur if the measure of hyposulphite were a fifth per 
cent, smaller than usual, the temperature 0'’*025 too high, and the observed interval one 
second too small Now all these errors are probable experimental errors. Hence it 
appears that within the limits of experimental error the numerical results here obtained 
accord with the hypothesis before stated. In the case of this reaction, it appears that 
the amount of dbemical change occurring at any moment is proportional to the amount 
of peroxide present in the solution. 

It may i^rve to exhibit the d^ree of coincidents between the experimental results 
imd the hypothesis, if we further compare the intermls actually observed in this set of 
exj^riments with thc^ t^culated firom the equation in which the hypothesis is embodied. 

The general equation log log p ~ log(i'-—t)= loget-h log loge, and the mean 


Mnccaj[vn. 
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loglog ^—1*664 


H^iSiailll. 


Intervals, f—i. 

IntO'rali, 

OhmmeA. 

Oalfflilated. 

Olnerred. 

Cy«Uated. 

4*57 

4^1 

^3 

9*02 

4*80 

4^4 

9*93 

9*9t 

5*13 

5*121 

11*19 

11*34 

3-37 

5*38 

12*61 

12*65 

5-7S 

5*71 

14*62 

14*^ 

6*11 

6*09 

17*35 

17*30 

6*52 

6*52 

21*15 

21*24 

7*33 

7-00 

S7-5B 

27*48 

7*59 

7*57 

38*92 

39*00 

8*.30 

8*«3 

67-73 

67*73 


In the following Table the nmnbers obtained in several sets of escperiments are s^- 
texly compared with those calcnlated from equations of the same form. The sets of 
experiments here given are selected out of a large number equally ac^rdant with theory , 
with a view to illustrate the variety of circumstance under which this reacticm conforms 
to the law which has been enunciated. * For the comj^irison of different sets of experi- 
ments, it wOl be convenient to describe each solution by stating its total volume in cubic 
centimetre, smd how many millionths of a gramme of the several ingredimits it con- 
tained in a cubic centimetre. The conditions of each set of experimeate are enume- 
rated at the head of the columns which contain the intervals actually observed and those 
edculasted from the theoretical equation. The value of for each set of ^cperiments is 
put at the head of the column which conteins the calculated intervals. 






Vdhn^ ^ 1^. ceafink 

Sodteperad^ 74. 

Vfdmi^ etd>. coidima. 

Stet^ontese, 17**. 

HydrcHrodic carbotuite, 47W. 
JPcI^ied^ 5180. 

Sodic neroiide, 85*7. 

Sadie JiypcMaipMte (o&e anunre^, 

"Vblmne, ^3 mb. ce 

Hj^aid^Bite, 18 
121 

Sodte^mddc, 59*4 

700. * 

8. 

mae mpaBuie), 1^. 



nitervafa, 

ntterr^ f—t 

Inimnds, ¥—t. 

jObtomd. 

Cyctda^ 

Obeerred. 

Oateuteted, 

.*=«<I65. 

Giserred. 

Oateokt^, 

«k=^43. 

2*42 

2*40 

1*17 

1*17 

14*27 

1 

13*8 

2*50 

2*55 

4-30 

1*5© 

14*77 

14*6 

2*71 

2*72 

1*45 

1*46 

31*38* 

32*4 

2*94 

2*91 

1-65 

1*^ 

r7*87 

18-1 

S*l« 

3*13 

1*93 

1*93 

19*62 

19*6 

3*40 

3*39 

2*33 

2*32 

21*45 

21*4 


3*69 

2*^ 

2*89 

23*65 

23*6 

4*07 

4*05 

3*78 

3*^ 

26*^ 

^3 

4*52 

4*49 

570 

5*71 




5*04 

11*73 

11*54 



5*77 

5*74 





6*71 

6*67 





i-m 

7*87 





J-77 

9*^ 





12*91 

13*00 





19-00 

19*00 





37*00 

^70 

i 






Volume, ®93 cub. oentiinfl. 
tE w a pw i rt age, 30°. 

Hjdric mib^ute, IlSOOO. 

Potesaic fOt. 

Sodic pepoadde, 34*9. 

Sodic bjposvdplike (on© measure), Sl*^, 


Vtduine, 993 cob. c^tuns. 


Hydrie dik>ride, 13900. 
Fots8abk^,<94. 

Socdc pmgddB, 37*5. 

Sodio bypo»flfAiie {tsm sieanape), 14*1 


Volume, 993 cub. centims. 

Tag ap caM i tiM^ 

Hydnc solph^ 18700. 

P<^a8dc iodide, 1208. 

Sodic parosMe, 37*8. 

Sodic hyposolpbye (one measure), 13*4. 


Intervals, If ~t. 


Intarfals,f'— i. 


Intervals, t—t. 


CMoolated, 

•.*0949. 


Calcnlsted, 


Oalculated, 

.*=•131. 


g*31 

8^8 

4*15 

7-01 

39*38 


2*32 

2^ 

4*17 

7-00 

.8«-27 


6-53 

8-©5 

10*13 

13*95 

22*42 

67*08 


6*56 

7*96 

10*13 

14*00 

22*60 

€6*84 


1*00 

1*18 

1*37 

1*70 

2*fa» 

3*08 

5*33 


1*01 

1*17 

1*38 

1*70 

2*19 

3*09 

5*32 


ThedMcarepancjr between the observed and calculated intervals in the earlier ex^rimenJte 
flf the ^ made 0*^ C. depmids upon the difficulty which was experienced in msaa^ging 
the temperature. If it rose at all the rate of change was of course inc^ai^, aiffi if it 
feU it was incm^^ also by the separation of some (rf the water from the add elution 
in the form of ice. With tMs exception it wiU he seen that the calculate and observed 
intervals agree ■ very clc^ely. Hence we conclude that whether the solution contains in 
emh cuh. centhn. 746 milllm^gi of a gmmme of hydric sulphate, or 160 times that 
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quantity, €04 miiEmte a gramme iodide or 9 fxmm ^«fe quantity, 

whether hydrie or hydro-sodic cai^nate be sTdistituted for b^rie s^pba^ 

wheiber the be 0 ° car 50® C., and whether the portion of chmi^^inte for 

its acxromplidbi^nt intervals of one or two minutes, or intervals of half an hour m an 
hour, thk i^mtion still conforms to the law that the amount of clmnge is at mch mcment 
proportnmal to the amount of chan^g substance. 

In experiments the actual observation has been of the rate of production of 
iodine. But the production of this substance is only one part of the chemi^ change 
which occurs. The whole change is represented in its simplest form by the ^nation 

H2 02+2HI=2H2 0+l2, 

and we are able, knowing the quantity of iodine that has been formed, to infer from it 
the quantity of water formed and the quantities of hydrie peroxide and iodide that have 
disappeared. Kow if we assign a particular weight to the molecule of iodine, the equa- 
tion will represent that change by which this amount of iodine -is formed, together with 
the proportional quantity of water, while corresponding quantities of hydrie peroxide 
and iodide disappear. We thus obtain an expression for a particular amount of change. 
The unit change may be defined to be that in which 254 millionths of a gramme of 
iodine are formed, and when the equation written above is used to express this unit 
ch^ge it will be written in italics. That is to say, the expression 
E,0,+2EI=2E,0+I, 

represents the disappearance of 34 millionths of a gramme of hydrie peroxide, and of 
256 millionths of a gramme of hydrie iodide, and the formation of 36 millionths of a 
grmnme of water, and 254 millionths of a gramme of iodine. The expression 

n{E^ 0^+2E1^2E2 O+/ 2 } 

represents the occurrence of n units of change. Further, since in these experiments the 
liquid system is homogeneous, the total change which occurs during any interval of time 
depends upon the quantity of change occurring in each unit of volume and the number 
of such units. For unit of volume we may conveniently adopt the cubic centimetre. In 
statfog the amounts of other reagents than those which appear in the equatfon of the 
reaction, it will sometimes be convenient to express these amounts in units corr^ponding 
to tho^ proposed above, being their molecular wdghts taken not as relative numbers, 
but as so many millionths of a gramme. For ocample, in enumerating the conditions of 
a particular experiment we shall mean by E 2 S O 4 , or a unit of hydrie srdphate, 98 
millionths of a gmmme of that substance; by if J, or a unit of potassic i<^de, 266 
millionths of a gramme of that salt 

In each set of experiments we commence with a system which contains elaaiente 
c^q^ble of undergoing a certain quantityfof change. We may express tMs by mying 
that there exists at starting a cmi:ain amount of potential change. As rime elap^s this 
potential change gradually becomes actual. From this point of view riie change 
occurring in the system is analogous to the motion of a h^vy body foiling foeely, which 
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^ ^ of its motion Im ft certim amoimt of potentiale&ar^ 

ijoiif into «jtiial M ike body &lls the poteitial en^gy gmtediy 

b^c»i^ ftcti^ EftDb i^ppUai data for the det^:mmidion of the foUoidbo^ 

q^mtiti^: — 

(1) Hie imtial potential change. 

( 2 ) The final potential change. 

( 3 ) The ftctnal change. 

( 4 ) The time during which the acttial change has occurred. 

The relation existing between these quantities has been found to be of such a nature 
that the ratio of the initial and final potential changes in a given system depends only 
upon the time of the actual change, so that if this time is constant the ratio is constant; 
and since the actual change is simply the difference between the initial and final potential 
changes, it follows that for equal intervals of time the actual change is proportional to 
the initial potential change. Now if we could construct a system in which the potential 
change remained constant, it is cl^ir that the actual change would proceed at a uniform 
rate, depending upon the quality of the system and proportional to the constant potential 
change. In all the systems upon which our experiments have been made the potential 
change varies, so that we are not able directly to observe this uniform rate, but we can 
obtain its value indirectly in the following way. 

Suppose the time of actual change to be so small that its rate may be considered 
uniform during that time, the actual change will be so small that the initial and final 
potential changes may be considered to be equal ; in other words, the potential change 
will be constant. The ratio of the small actual change to the time of its occurrence wiU 
thus represent the uniform rate of actual change when the potential change remains 
constant. The equation which connects the initial and final potential changes y, y with 
the time of actual change has been found to be 



whence we obtain 

Now — dy is the actual change which occurs during the time dt, and from what is stated 
above tiie ratio of th^e small quantities is the uniform rate of actual change when the 
potential change y remains constant. It follows therefore that in a given ^stmn, in 
which tlmre ^dsts a txmstent quantity of potential change y, the uniform rate of s^tual 
change is ay. Or mhce « is a constant for the given system, the rate of actual c^nge is 
proportion^ to the potential diasge. If the unit of time is one minute, « reprei^nts 
the fraction of the potential change which is converted into actual change in one minute. 
We may represait what we have i^ken of as potential change by writing separately 
the left-hand tide of a chend^ i^uation. For example, the actiial change in tMs 
raa^tion being reprinted by S^03-j-2HI=2H2 0 -f I2, the corresponding potential 
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occurs in one minute. For example, in Qie sets of eg^jeriments jmjfded in TaMe IV., 
tile following values were found for a, *0242, *085, *#043, *0949, *(©68, *131. ’Fbem 
numbers repr<^nt the fiuctions of a unit of actual change that would occur in one 
nEunute, if them existed throu^oift that tnne m eadi ^|FStemu unit of potCTtM flwmge. 
Hie diffmmce befesreen the vsdues of a depends, it is "plain, upon the difeent cooSMotis 
rrf these sets of experiments vririch are contrasted at foe hef^s of foe mverdi columns. 

He ration between foe potential change in foe system and foe acfoal foan^ 
occurring at a parriculaT time may alK) be represented by supposing foe rate, which up 
to fost fone has contrauaBy decreased, to become the^eforward uniform. Then foe 
*!foote potential chmige beir^ y, ay Incomes actual in each successive nforate, and foe 

whole will have l^ome actual, i. e, the reaction will haye come to m end, in ^ minutes. 

Whmioe it appears riud: if it were poi^ble aetuaBy fo mate foe rate uxrifinrm, as may 
approximately.be done by continually raking foe tem|iimatare of foe solution, or other- 
vrise ecmpensating foe diminution of peroxide, the fone reprired for tte eompi^imoi of 
foe reaction woidd he indepmident of foe time at wMfo foe. rate w^ fon® modified, font 
is, of the amount of potential chmige existii^ in foe lystem. For examjde, m the last 
^ ^ of ^speriments given in Table IV,, if at anymommit whatever while foe ruction was 
]^:oceedii^ foe rate of change could have been made constant, in (1^=) 7'6 minutes 
firam foat time the whole -change would have been accamphfoed. TOndever mnomit 
of peroxide the solution contained, this would equally have hem foe case ; in 7^6 minutes 
the whole of the peroxide would have disappeared. 

He^ results may be illustrated grapWcaUy by the following figure. 

The curve Pg P4 represents the course of 
the reaction as determined by a set of expmi- 
mente. Mj Mg, M3 M4 represent any two equal 
intervals of time; M^ Pj, Mg Pg the potential 
changes foe beginning and end of MiMgj 
M3P3, M4 P4 foe potential changes at the 
ning and end of M3 M4 ; Pg Qg, P4 Q4 foe acfoal 
change that have occurred during these inter- 
vals ; Pj Tj, Pg Tg, tangents to the curve at Fj, P3, 
reprint the course of the reaction if it were to 
mamtfoi foe same rates with which it wi^ pro- 
t^edmg at Pj, Pg re^ectively; Pg'Qg* ^4 ^4 
actual cb®nges which would occmr withfoese uniform rates during the intOTafe M^Mg, 
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M3 8i»^r ikxm the 

1te9mlti«imeiatii^fl)M| : M 4 ; mk mmm^: 

m ( 3 ) r MiF, F^' ^ : M 3 F 3 , ( 4 ) 

=s^k2%, M ttie Ml M2^ he mm immite mk l^F^ ^ #e imit of potest 

ekem^ #im F^ m w^ ai aet^ elmi^e. 

We loBre surest^ahed the rdbtioii esi^iiig bet^M the of ehemksi 

(teofeiifti ^e aa&o^ of hydrie pamBe, ai^ jbpve shorn tit^ ti^ l»ai^ ci i}me 
cpasxxtiM^ dlr^^ mth.the latt^. We now p^oeeed^ how the ^mm&t 

(d dim^ is by the wiaticm of Uie o&er c^idhioBs of ^ xe^s^cm.. 

For a system the amoaat of ohernii^ dba^^ in a wa^ ci time is ikp-esa^ 

by ay, this expre^om representmg &et thid; if a is kept eimitot the antoniit of 
chaise varies directly with y, that is, with the amount of peroxide, and also that if y is 
kept constant it varies directly with a. That which has been tept constant in each set 
of experimmits made to determine the values of y, and which is re|ures0^d by a, is a 
^oup of other conditions upon which the amount of chemical change depmids. The 
systems which have been made the subjects of experiment in this investigation have aU 
been liquid hom^neous systems. And as the quantity of water used hs^ been always 
very large in comparison with that of the various reagents, they may be further charac- 
terized as aqueous systems. 

Since these systems are homogeneous, they may conveniently be described by a state- 
ment of the ingredients of their unit of volume. -We adopt, as before stated, the cubic 
centimetre &r unit of volume, and shall use the units already defined (p. 128 ) in the 
measurement of the various substances. The whole amount of chemical change is a 
hincticm of all the conditions of the system in which it occurs. If we call this amount 
%y the volume of the system v, its temperature h, the time during which the change 
proc^eda t, mui the number of units 2^20^ H I, . , , A, £, C, ... of the various ingre- 
dient in a unit of volume p, i, a, c respectively,^ where ri, JB, C are units of 

any substance which may be introduced into the system, then 
2=/ {a, .). 

The form of this function is determinate in the case of two of these conditions, viz. t, 1?, 
and hiK hmi determined experimentally for this reaction in the case of p, ^ that the 
equation may be written in the form 

2 =^ptv .f{a, I, c, A, * . .). 

How if we keep con^aat all the conditions in the undeterminate part of the hmction 
except one, ^y ^ the fmm of the ^nation is 

. f(ar), 

the coa^imts in Mag fm^ons of the conditions of the sj^tem ahich do not vary. 
From eqnaticm, a i^es of values of % p^ t, % it is gmarally p®rible to 

determine tite term (rf temctimn to ea<h set ^ nmde in toe 

manner demribed, p mid f vmy # and s lemedn constaat, imd the law of coimexion 
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p and i is Mmh. Oie amoont change wi^in a tuxit of iPcdwe in a imit of 
time is ep ; limee 'tssspterzptv ♦ p(s% and therefore ass^ar)^ If we now autlee a mrm 
of snch sets of m^rlments, Tarying a? only, and detmniniijg Ae yslm of m msk set, 
we shall oh^dn a series of values of p(s) corresponding to fte several valn^ of liid 
may th^oe di®K)ver what function oe, and therefore is of a; And if we are able thus 
to ^^mdne what hmclion X is of each of the conditions «, we ^idl ohtmn an 

o^aarion expressing the laws of connexion between all the conditions of this chemical 
<^Hinge and its amount. It is, however, to be observed, that for the determination of » 
in each of experiments it is necessary that the introduction and variation of the 
dition w riiould not alter the law of connexion between p and t. In other words, to 
determine p(x) we need to obtain a series of equations of the following form. 

It is plain that the investigation of a single reaction thus considered is a work requiring 
the performance of a very lai^e number of experiments. In the case before us it is 
possible to react with the hydric peroxide either upon hydric iodide by itself, or potassic 
iodide and hydric sulphate, or to substitute sodic iodide for potassic, or hydric chloride 
for hydric sulphate, without (as appears from the numbers in Table IV.) altering the 
nature of the reaction. And there is little doubt that the system might be modified by 
the introduction or substitution of many other substances, without affecting the chemical 
change, except as regards its rate. Each of the conditions thus introduced furnishes 
a fresh subject of inquiry, namely, as to the effect of a variation in its amount upon that 
of the chemical change. On the effect of varying some of these conditions of the reac- 
tion we have made numerous experiments, especially on the variation of the amounts of 
potassic, sodic, and hydric iodide, hydric sulphate, hydric chloride (substituted for hydric 
sulphate), and of the temperature of the «)lution. We propose to include in the pre- 
sent communication an account of the results we have obtained by varying in succe^ve 
of experiments the amount of iodide. 

Variation of Iodide. 

Wlien two salts are mixed in solution and no precipitation occurs, or 'change in the 
colour of the liquid, it is not possible to arrive at any probable conclurion as to the 
proportions or nature of the salts which the solution ^contains. In the grater part of 
the experiments about to be recorded, potassic, or sodic, or hydric iodide was ^d^ to 
a liquid containing an excess of hydric sulphate or chloride. Whether the systems thus 
formed contaiaed the ^ts introduced into them, or hydric iodide and a metallic sulphate 
or chloride, or whether the metallic iodides were partially decomposed by the excess of 
free add, we are unable to say. It may be hoped that the further inv^tigation of the 
€&ct frf varying substances will throw li^t upon this question j but prem&i we 
must ^mrider our results generally as depending upon the wmMm. of i^ide. 

Ilie frdlowi^ Table contains the nummcal results of five mts of a^rim^ts, in each 
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of wM<^ ^ amount of actual change that would occur in a minute, the system con- 
'tmning comtantly a unit of potential change, is determined by several experiments. 
The degree of coincidence of these experiments in each set may be observed^by com- 
paring the ^ues of this amount calculated from the successive intervals on the hypo- 
thesis already established, that the actual change at any moment is proportional to the 
potential. The number of units of potential change at the commencement of a set of 
experiments is denoted by and the number of units of actual change occurring in each 
experiment is denoted by a. 

The volume of the solutions employed was 993 cubic centimetres, and their tempe- 
rature 30° C. The actual weights of the substances taken were, in each set, 

Hydric sulphate, 37T grms., 

Sodic peroxide, *0174 gi*m., 

Sodic hyposulphite (one measure), *0217 grm. ; 
in successive sets, 

Potassic iodide, *6, -9, 1*2, 1*5, 1*8 grm. 

The weights of sodic peroxide and sodic hyposulphite are so small in comparison with 
that of the hydric sulphate, that the amount of acid neutralized by these salts is insigni- 
ficant. The formation of a correspondingly small quantity of sodic sulphate may also 
be disregarded; for a separate experiment made with a large quantity of this salt 
proved that its influence upon the rate of change is very slight. But the potassic iodide 
was used in rather larger proportion ; and it seems probable that some double decompo- 
sition occurs between it and the hydric sulphate. 

Hence the permanent ingredients of a unit of volume of the system in each set of 
experiments were 

(381*3~l*82i:)52^04, VS2{(n^z)£:i+zRI}, VS2zKHS0^, 

9i{1'82 KI) being the weight of potassic iodide taken for every cubic centimetre of the 
several solutions, and s being the fraction of this iodide decomposed by the hydric 
■sulphate. 

Table V. 



2. 

» = 

3. 

» = 

4. 

n — 

5. 

n = 

0. 

JP8“ 

•222. 


•2*23. 

Pa^ 

•222. 

Po^ 

■225. 


•226. 

a w 

■044. 


044. 

a =a 

•044. 


•044. 

« = 

■044. 

Interyds. 

- 

Intervals. 


Intervals. 

•• 

Intervals 

a. 

Intervals. 

• 

7*33 

•080S i 

4*78 

•0457 

3-65 

•0604 

2*87 

•0757 

2*35 

1 -0028 


1 -osos 

6-14 

•0455 

4*73 

•0600 

3*68 

•0755 

3*10 

1 -0805 

36*47 

•0301 

8-61 

•0462 

6*50 

•0604 

5*12 1 

•0757 

4*25 

*0006 

103*63 

•0383 

14*30 

i *0440 

11*16 

•0601 

1 8*55 j 

•0748 

7*05 

j -0000 



6S**6 

•0451 

52-20 

•0601 

20*78 ! 

•0762 

23*07 

•0002 


The values obte.ined for m from tlm difierent experiments of each are fairly con- 
cordant, and we may therefore i^nme their mean to be the true value. It is at once 
evidelit that these numbers are in arithmetical progression, and bear to one another the 
^me ratios as the values of n, viz., 2 ; 3 : 4 : 5 : 6. They are compared below with a 
series of numbers calculate on this hypothesis. 
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^151 

2 

j 

-0303 

3 

•0453 

•0463 

4 

•06^2 ! 

•0604 

5 1 

•6756 

•0765 

6 1 

•0905 

•0906 


To coBftrm tbis result a ^cond series of sets of experimeaits was raafe, iSffeiiiig from 
the former by smbstitutiofu of hydrie chloride for hydric salpfeate. Compariag 
equivalent quantities, it had been observed that hydric chloride mcrea^ the rate of 
cliange nearly twice as much as hydric sulphate. Therefore, in order to obtain a suffi- 
cient series of different rates of which the first should not be inconvenienliy smaU, nor 
the last inconveniently great, one molecule or half an equivalent of hydrie cWori^ was 
substituted for a molecule of hydric sulphate. 

V olume of the solutions 993 cub. centims., temperature 30° C. 

Actual Tveights of sul^tances taken in each set : 

Hydric chloride, 13*8 grms., 

Sodic peroxide, *0257 

Sodic hyposulphite (one measure), *0135 grm. ; 

in successive sets, 

, Potassic iodide, *3, *6. *9, 1*2, 1*6, 1’8, 2*1, 2*4 grms. 

Hence the permanent ingredients of a unit of volume of the system in each set of expe- 
riments were 

(381-3- 1-82;5)H a, l'S2((n-z)KI-\-zHI), VWLzKCI 
Table VII. 


II INI 

R 

n =2, 

-Po = -l'S* 
a = 0274. 

=3. 

i>o=‘l<>6 

« =-0274 

S 

1! II )l 

Intervals, 

* 

Intervals. 


Intervals. 

*■ 

Intervals. 


13*83 

•0136 

6-53 

•0269 

4-43 

•0406 

3*38 

•0537 

16-83 

•0137 

8-05 

•0265 

5-47 

•0402 

4*20 

•0538 

31;43 

-0140 

1013 

•0368 

6-J3 

•0406 

5-38 

•0531 

33-83 

•0133 

13*95 

32-42 

67*08 

•0269 

•027# 

•0^7 

9*82 

•0401 

•0406 

7*35 

13-65 

•0555 

•0540 

n =5. 

» =( 


n =5: 

r. 

n-sit 

1. 


Po~' 

164. 


163. 

Po=- 

161. 

a =-0274 

« =* 

0274. 

a = 0274 

a =-0274 j 

liitervalB 


Interval. 


IjotervalB. 


Iirterv*4& 



'0681 

^38 


1^3 

*^&7 

i-m . 

*111 * 

3*35 

•0666 

3-77 

•0809 

3-40 

•0940 

2*17 

•106 



8-63 

•0798 

3-07 

•0951 

3*75 

•lOS 

6-05 

•0670 

5-05 

•0809 

4-40 

•0943 

4-03 

•1^ 

10-33 

•0671 

8-78 

•0803 

7*58 

•0948 

7*00 

•108 
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Table VIIL 



Ofaeerred 

a* 

CUcalated. 

1 

•01^ 

•0135 

s 

•0268 

•0260 

3 

•0464 

•0404 

4 

•0338 

•0539 

5 

-0672 

•f^73 

6 

•0804 

•0808 

7 

•0^8 

•0943 

s 

•1080 

•1078 


Thus it appears that the amount of chmaical chang^occorring in the solutions at any 
moment varies directly with the amount of iodide, if aU tiie other conditions are the 
smne. A few of the numbers from which the mean values of a are obtained differ con- 
tiderably one from another. Thea? differences were generally due to observed errors in 
the management of the temperature of the solution, which having through inadvertence 
risen or fallen a little during one inter\'al, was made to faU or rise in a corresponding 
degree during the next interval, that the mean result might be correct. 

In both these series the quantity of iodide was small in proportion to the quantity erf 
acid, amounting at the most to 4 per cent. Two sets of experiments were subsequently 
made with systems containing in a cubic centimetre 54*§ and 10*42, 20*84 KI 

respectively, at a temperature of 17° C. The values of a. given by these two sets were 
•0116 and *0243, the latter of which is coi^derably more than double the former. In 
some other sets of experiments, in which instead of a metallic iodide different quantities 
of hydric iodide were added to the solutions, it was observed similarly that the increase 
in the rate of change was more than jnoportional to the increase of hydtic iodide. Now, 
since it appears that hydric sulphate or hydric chloride, though playing no immediate 
part in the reaction, yet accelerates its course, it seems reasonable to suppose that a 
double effect may be produced by the addition of hydric iodide. For while on the one 
band this addition increases the amount of substance which the hydric peroxide has to 
act upon, on the other hand, like the additkm of hydric sulphate or hydric chloride, it 
increases the acidity of the solution. But further, the rate of change depends not only 
upon the acuj^ of the solution, but upem the particular acid which it contains. The 
two acids upon which we have experimmit^ affect the rate of change in different degrees, 
hydric chloriife exercirii^ a greater influe®<^ than hydric sulphate ; so that if we were 
to add a quality of neuted chloride to a solution containing hydiic sul^^e, we should 
doubtless increa^ the rate of change ; for mme of the hydric sulphate would be replaced 
by its equivdent (m the diemical sense) of hydric chlorye. In the mme way 

it is pBrfWile that a iafo whafo hydric sulphate and p^a^c iodide have been 

introduced contains sonm hydrfo fodi^ and that this acid also has Ha ^trticular effect 

t2 




im wmm a. t. mMmm ahd w. oh. OTi i*aws qi mmsrnm 

apon the mte of ch®ige ladependently of the part which it plays in the i^^ctioa ited£ 
Kow, if equiv^ent qmimtities of hydric sulphate mid iodide cansed ^«»1 iKJc^lemlions, 
the replacement ha the solution of one of these acids by the other would pw^ii^ no 
effect; but if hydric iodide, like hydric chloride, has a grater accelerating power than 
hydric sulphate, the effect of this replacement would be to cau^ an accelemtion ind^ 
pendmt of and additional to that which is due to the increase of iodide* When, as in 
the sete of experiments recorded in Tables V. and VII., the hydric sulphate or chloride 
replaced by hydric iodide is hut a small fraction of the whole amount in the solution, 
this change does not so affect the rates as to hinder us from observing the r^ult of the 
simple variation of iodide; hut when the experiment is pushed farther, and a con- 
siderable proportion of the acid is thus changed, the effect of this second variation 
becomes perceptible. With the view of inquiring whether the proportional relation 
between the amount of iodide and the amount of chemical change still holds good when 
the solution does not contain an excess of acid, a number of sets of experiments w^ere 
made with a constant quantity of hydric iodide and various quantities of potassic iodide- 
Here we encountered a fresh difficulty ; the primary reaction no longer followed the law 

expressed by the equation and although the measurements of the solutions 

and the observation of the intervals were made with all possible care, we are not able to 
derive from the experimental data any series of values for a, nor therefore to determine 
what function the total amount of change was of the amount of iodide. The following 
Table contains the results of these sets of experiments. To avoid the introduction of 
any other acid besides hydric iodide, a neutral solution of hydric peroxide was used. 

The volume of the solutions was 993 cnb. centims., and their temperature 30® C. 

The amount of iodide in a cubic centimetre of each was 15*26 HI and 
The amount of peroxide at starting was about *98 H^ 0^. The amoimt of actual change 
during each interval was ’ISlJVg 02 + 2 HIz=z 2 H 2 O-j-Jg). 


Table IX. 


«=0. 

«=1. 


»«a 

n=4. 

«=5. 

n=6. 

Oteerred 

Obeerred 

Obserred 

Otnerral 

Observed 

Observed 

Ol^rv^ 


mterrals. 

intervals. 

mterrids. 

intervals. 

intervals. 

interv^. 

€•40 

4-05 

2-93 

2-28 

i-86 

i-55 

i-38 

7*4B 

4*90 

3-54 

2-76 

2-25 

1-92 

1-72 

9*05 

6-92 

4-33 

3-50 

2-82 1 

2-40 

f-13 

ll*f7 

7*58 

5-70 

4-65 

3-76 

3-26 

2*95 

15*30 

10-57 

8-15 

6-80 

5-62 

4-74 

1 4*32 

£4-30 

69-82 

1 17*41 

1 66*07 

13-82 

12-20 

9*65 

8-06 

1 7^3 


The first, and perhaps the second of these sets of experiments, pwm a logarithmic 
curve ; tihe remainder depart more and more widely from this rdation. The mvm fd the 
dej^rture is ja-obably the same as that which prevented the ob^rwttion d the law d 
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m the ca^ of the reaction of hydric omlate and permanganate. Hie 
are no longer of the course of a single gradual action. The several series 
ni%ht be represented by equations expressing such a complication as it is most likely 
occurs, e. the gradual oxidation of potassic iodide to iodate, and the gradual reduction 
of this salt by hydric iodide. But the constants of such equations cannot be determined 
from the experimental numbers with sufficient accuracy for much reliance to be placed 
upon them. 

In consequence therefore of these two facts, — that the amount of change is a function 
both of the kind and of the amount of acid in the solution, and that the nature of the 
reaction is changed w-hen a mixture of hydric and potassic iodide is used, — we have only 
been able to investigate the relation which exists between the amount of iodide in the 
solution and the amount of change in a particular case, namely, when the solution 
contains a sufficient quantity of free acid to render immaterial the replacement of a little 
of it by hydric iodide, and to determine sharply the occurrence of the single reaction, 
HgOg-f 2HI=2H20-j-l2. With this limitation, the form of the function <p(?) in the 
expression . ^(i) has been established by the foregoing experiments, and we may 

now write the general equation in the form 

l=iptv.f(a, b,e,.. .). 

That is to say, the amount of change varies directly, (1) with the amount of iodide, and 
(2) with the amount of peroxide in a unit volume of the solution; (3) with the time 
during which the change proceeds ; (4) with the total volume of the solution ; and, 
finally, with some function of each of the other conditions under whicdi the change occurs. 
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By Jc^iPH D. Eveeiit, B.CJj.^ Assisted to the Brofemr of Math&mMcs in ^ 
University pf Glasgow. Communicated hg Sir William Thomsoit, FJB.S. 


Beeehred Jmmxy 25 , — Fikiemty 7^ 1S67. 

lu my Paper read February 22ud, 1866, the intentiou was exja^ed of contmuing my 
experiments on rigidity with a modified form of apparatus. This intention was carried 
out during the past summer, and I haye now to report the rraults. 

In the former experimente, the rod operated on was supplied at both ends, and was 
bent or twisted by hanging a pair of equal weights so as to act 83 mmetrically on both 
ends ; and the amounts of fiexure and torsion were measured by the movements of two 
images formed by reflection upon a screen. 

in the new apparatus, the rod was firmly held at one end in such a manner that this 
end could undergo no movement whatever, while the other end was acted on by a 
couple composed of the direct action of a weight and the upward pull of one arm of a 
balance produced by weighting the other arm. The efiect produced was observed, as in 
Kibchhopf’s experiments, by means of two telescopes looking down into two mirrors 
which reflected a scale of lines crossing each other at right angles placed horizontally 
overhead. 

A B (Plate IX. fig. 1) is the rod operated on, mitering a socket in the cylindrical iron bar 
C, in which it is firmly secured by screws (three in each set) which damp it at two places 
about 2 inches asunder. The other end A passes through a brass socket {shown in cross 
section at fig. 2), to which it is also secured by screws in two places. This ^cket forms 
part of a piece of hmss, which is shown on a larger s(mle in longitudinal action in fig. 3, 
where is a point or cone to be supported by a ring (M, fig. 1) hanging from one arm rf 
a balance, while Ae lower part consists of a short cylinder m (for receivhig the crosspiece 
shown in fig. 4 mid indicated by dotted lines in %. 8) terminated by a screw which 
receives ibe nut^^. The circular hollow shown in the centre of the cross piece (fig. 4) 
fits the cylfetd^ ted ihe crosspiece can either be rotated about it or sHpp^ off on 
loosening ot reteoving th» imt. The four arms of the crosspiece are all of ©qud length, 
mad each of them has ofi the upp^ side near the end a cone or point for supporting a 
wdght by me^ nf-a F F is a cast-iron box, on the top of whi^ the cyfeidm C 

in two tefefcet teh at ^h end, in which it turns freely when not secured by the 
damp G. H is a gmduatod dhde for taming the cylmder (and with it the rod A B) 
thrcaagji: any wq^uaed ais^e. X, £» am two mirrors damped to ^e rod, aid adjustable 
by foot^rews into any podfrem sduly pmalfel with the rod. One of them is shown cai 
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a laa-ger s(^e at %. 5, By partially releasing the damps, it was easy to rotate the 
mirrors about the rod without longitudinal sliding. 

The point ig. S, is supported by the flat brass ring M, which hai^s by tide wire N 
ikua one aro, of tide balance D, and a counterpoise is placed m the pan P ju^ suffident 
to keep the rod A B free from strain. 

The €£Xperiinents were conducted in the Natural Philosophy Lecture*room. The box 
F F ^^d on the floor, the height of mirrors above floor being 270 milHms. The wsale 
r^ected by them consisted of a large sheet of paper ruled in two directions at xi^t 
armies to each other with lines about a tenth of an inch apart, and was firmly fixed at 
the height of 4597 miUims. from the floor by stretching it on a board and screwing this 
to two joists whose prim^ office was the support of a cistern. The light, which was 
naturally good, was improved by using a concave mirror to illuminate the scale. Two 
telescopes, not shown in the Plate, were clamped to a firm three-legged table, their object- 
glasses being about 970 millims. above the floor. They were in fixed positions, directed 
one towards each mirror, and were as nearly vertical as was compatible with an unob- 
structed view of the reflection of the scale. Their deviations from two vertical planes, 
one parallel and the other pei-pendicular to the rod, were from A to ^ in circular 
measure. They were inverting achromatic, of l^inch aperture and 10 inches focal length, 
ivith cross wires in focus of eyepiece. A damper, consisting of a piece of thin card 
pressing lightly against the end A of the rod, w^ used on and after July 17th for the 
purpose of checkii^ vibration. 

The mode of observing for flexure was as follows : — ^The mirrors having been adjusted 
so as to brmg the central portion of the scale into view in both telescopes, a pair of 
equal weights were placed, one in the scale-pan P along with the counterpoise, the other 
on the point S, and readings were taken in both telescopes. Then the weight at S was 
transferred to S', mid readings were again taken. The difference of ridings in further 
tel^cope diminished by difference of reading in nearer telescope is assumed to measure 
the effect, on the portion of rod between the two mirrors, of a bending couple whose 
arm is the distance between the two points S, S', and whose power is the force of gravity 
on the moveable weight. 

The weight was then transferred first to T and then to T', both telescopes being imd 
in each case. The differences were tsdten in the ^une way as above, and the result is 
a^umed to m^sure the effect, on the same portion of the rod, of a twisting couple 
whose power is the suae as above, and whose arm is the distance between the points T, T. 

The weight vms then ^^in transferred to S' and S, then ag^in to T and T, and im on 
several times, both telescopes heii^ read in each position of the weight, and no ch^ge 
being made in any of the ^justments. The fadMty of thus pasang frcma ob^rvatkais 
of flexure to those of torsion, and viceversdy gives the present fom of ^pmatus a great 
saipericmty over that employed the previous year. 

It has beon observed 4hat the arms of couple in flexure mid torami «!^ ^ dktoc^s 
SS\ T!F respectively, which, though nearly equal, are not al^olutely identic. !Ild» 
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jeffiec^ hj tam^ <^e croii|>ij^ a right angle, m m te 

^^bces wiOi TT. 

Aadthar mmm of emx to be guarded against is want of ^rfect circularity in* the 
aerated upon. is <K>mpletely r^OTed, if the deriiarion from drcularity he small, 
by tonniig the i^3f thror^h a r%ht angle by means of the graduated circle H. 
Urn (dtas^ has no rffect on the torsional rigidity; and its effect on the flexural 
ri^dity is sneh that tibe mean flexure in tihe two poriticms is the true mean for all posi- 
tions, inaminch as the flexural rigidity in any position is proporti<mai to the moment of 
inertia of a sedaon about a horizontal diameter through its centre of gravity, and by a 
well-known theorem the sum oftiie moments of inertia about two rectangnlai diameters 
is (K)nstaiit 

For greats ^entity the rod was turned mto ax different portions, differing by S0° 
among themselves, so that the first and fourth positions furnished one mean, the ^cond 
and fifth another, and the third and sixth another. In every one of the ax poations 
observations of both fiexnre and torsion were taken ; and the operation of turning the 
fa*osspiece through a right angle so as to make the arms of couple for flexure and torsion 
change places, occurred between the third and fourth positions. 

Hie first rod experimented on, after much time spent in preliminary arrangements, was 
a flint-glass rod from the works of A. and K. Cochean, Glasgow. The weights employed 
for prodndng flexure and torsion were a pair of lead weights of 100 grms. each. One 
of thmn (distii^uishable by its ring) was hung in turn on each of the four arms, and 
the other was always placed in the counterpoise pan. 

The first complete set of observations in six positions were made July 17th and 18th, 
with the following results: — 


1(4 

Pointer at 135° 

Torsion 539 

Flexure 4S6J 

2(4 

5J 

165° 


547* 

„ 438 

3(4 

?» 

195° 

M 

546 

„ 446i 

1(4 

» 

225° 

5» 

548 

„ 454 

2(4 


255° 

»» 

549* 

„ 454 

3(4 

S» 

285° 

»> 

546 

. „ 447|. 


The numters here given as representing the amounts of torsion and flexure, are ex- 
p'e^d m tetii <rf tile s<^e-divlsion$, and are therefore approximately hundredths 

of an inch. C^mbi^og those j^ititions which are mutually at right angles, we have tide 
fdlowing . 

1 («) (i). Torsdon fi4SJ Flexure 444| 

« 446 

« 546 „ 447i. 

T^e i^de^vitimsw^ limger in cme dir^?tion ttoa intite being 

ei% i®i ^ fur fiexuie. In oMer, to find the true 
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of ^ BiosI dNyie iio 'sm^hm m 'tfi@ fel 

the ^eoBd, ai^ the quotets by yl? 

l(a}(b%l'm^, ${m)ii%imh 

whmm wm at <3aM^ for Poisson’s ra^ (^r) the Ytlnm *222, *210, *2iL ^wi» mmSi 
mtm^m witt be to- these Tstlties heimft^, only aisciiig the tluW ^&da®ai 

; but we deem it important thns early to to ihe strsagA (d 

Aowi% that Pois^ir*s ratio for the snbshmce in hand is le^ thmi J. 

4^ ^rlier set of obsermtions, in only font pcmtions of the rod, were Jnly 13^, 
14th, and 16th, tibe appaemtas being at this time feTonrably arranged, imi^nch as 
the rod was more distant from a verti(^ through the centre of the scale than in the hilsEf 
set. The following were the reanlts obtained :— 


!(«)• 

Pointer at 90” 

' Tortion 555J 

ITfixiire 452 

1 ( 1 ). 

„ 0° 

„ 550 

„ 430 

11(a). 

„ 45” 

„ 550 

„ 469* 

11(b). 

„ 135” 

„ 544i 

„ 437* 


Giving the following means, 

I(«) (^J. Torsion bb2f Mexnre 441 

n(«)(^). „ §47i „ 448J, 

wh^ce we obtain, after c<mecting for inequality of divisions, the T^ues of Poisson^ 
ratio *246, *220, the largenei^ of the former number being due to the Imge angle made 
by the rays q£ light with the vertical plane ccmtaining the rt^. A corr^on for this 
defect will be applied in the seqneL 

After the observations of July 17th and 18th, the rod was removed from its place, and 
cut at the ^aces where the mirrors had been attached. The length of the central 
portion w^ found to be 235*6 miHims., and its weights in air and water respectively 
32*002 and 21*112 grms., the temperature of the water being 13*3 E^nm. 

The distances S S', T T were 568*2 and 557*2 millims., so that the mean arm of couple 
was 557*7 ndllima, the force being the weight of 100 gnus. 

The he%ht of the scale above the mirrors yms 4327 miHims. ; but since the deti^fon 
of a rei»E^faed ray is double of the angle turned by mirror, it will be ne^^ury to dMde 
the ^cs traveled on the scale by twice this dktanoe,. or 8654 millims,, in ordm- to ind 
the angles * 

The scale-dividbns fen torsion were miHims but as they were snb^^^ «rti- 
mation to tentl^ mid it is in the^ tenlhs thid.ihe above torticm-^ml^^ are 
the unit is to be r^m:d^as tiie ^ of a m^lmetre. In like mmm&: the mtit for tiie 
ffexnre-numbers is the |ff of a milMmelre. We shaE denote tiie aai 

iaiSDe*aumbm, in by tiie T mi E 

firmn ^ ^ luty 17A mi 18A m haw ^ 
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h ^ 1B*6S li’24. The wkode ^omAm, &nd 

m #b ^ rod b^ipo^ mimm sm 

l^fsa-OliS wmdj ia ckcaiar lae^wi^ ‘ 

We AaH BOW mv«3t%ate tte correctioBfi wMch must be appH^ to the above results. 
!^ere is, in the fest place, a medianiol correction (Spending on the fact that the 
wMA contains Ae fonr points S, S', T, T', and which also happens to contain the 
^Qta[e of gravity of ttie bending apparatus (*. e. of the crosspiece and other pieces rigidly 
attadbed to it), not ccmtain the point n on which the apparatus is snpported. Let 
a ^mao^ the di^iac^ of this plane below the point n, and W the weight of the bending 
ap^ratus. Also let A d^iote tim horizontal distance of one of the points S or T from n, 
and w &e weight hung at S or T, mad let I denote the angle thror^h whicdi the end of 
the rod is bent or twisted. Thai the couple which produces bending or twisMi^ is 
w(A-^a§)j and this is reasted by two couples, Wu^, due to the weight of the baiding 
apparatus, smd t6 or JB, due to the toraonal or flexural rigidity torjT. We have therefore, 

for torsion, «?(A—a5)=fd+ WaS, wheime (W -j-®)®. The first term, is the 

uncorrecled value of t, and we see that it requires a subtractive correction which bears 
to its whole amount the ratio Hence T, being proportional to the reciprocal 

of % reqmres an ad&tive correction bearing the above ratio to its whole amount. The 
correction for F is expressed by the same formula, B having, however, a different value. 
In the case we have, in grammes mid centimetre, W=ffr 3, «?=10O, A=27’9, 

«=4*3, hence — ^^-- =-729. Agam, since the whole len^h of rod suhj^ted to torsion 

amd flexure was about 42*8, whaeas tbe portion between riie mirrors was cmly about 
we hme 

For terrioB, ^ = ||| X *0138= *0286, 

Fen imnire, ^=^|x*0130=*02^, 
and the products of these values eiBhy *729 are ^298 and *0172. 

T and F themfore require the additive corrections *0208 T and *0172 F. 

There are also two optical corrections to be conridered, viz., 

1st. Correction for obliquity eff my from scale to miiror. Let /3 denote this obliquity, 
that is to say, the angle which the projection of the ray on a vertical plane perpen- 
dicuisiU' para&el to the rod, aoi^ndifig s® we me dmling with tomoa m Ararat, 
w^h a niMmted dj^aa^ mi the ^le are sdways too 

in m€o 1 1 1 ^ thrMigh which fee two Marrom me 

wm m fee fi& beh^ fee mid if the c^rre^o^ing vala^ 

Pw ^sewdvaluesdPTandFwilliefeogpmt in ^ 

nrfio of 1 : l+5A=^. 

ir2 
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In tke pr^eai lite ratio : m, is alsont 1 1 S, and tiie of fi for fiio 
of the s^e in jpdition occupied by tho apparatus on Jrfy 17lb jmd IMi w®e. 

For torsion, fioxuio, 

Heni^ ’^0 find by the above formula that 

T is too great by *0025 T, 

F „ „ *0013 F 

^d. Correction for change of distance between mirror and telesrope. If the mirror 
is moved parallel to itsdf to or from the telescope by the amount 5, and if # ^note the 
angle between incident and reflected ray (or rather between their projections on a vertic^ 
plane perpendicular or parallel to the rod), the change produced in the scale-reading is bf. 
In the presmit case this correction was found to be insensible. 

For the total conrections applicable to the observations of July 17fh and IStih, we 
have therefore 

+•0208 T— -0025 T=+*0183 T, 

+•0172 F--0013 F=+-0159 F, 

. T . 

and the resulting correction of the quotient ^ is . 

(•0188--0169)|=-0024|- 

Hiis correction reduces the values of Poissoij’s ratio derived from the observations of 
those days to ^225, *233, ’224. 

For the observations of July 13th, 14th, and 16th, the correction of F is the same as 
above. As r^;ards the optical correction of T, a distinction must be made between the 
observations marked l{a)(h) and thos© marked 11 (u) {5). In the former, the central 
portion of the scale was on the cross wires of the telescopes, in the latter a portion of 
the sode nearly vertical over the mirrors. The optical correction for T^ i^pliaihk to 
the centre of the scale on the date in question was — ‘OOSAT, and we shall apply this 
ecmrection to the values I (a) (h), so that the total correction of T for th^ valu^ will he 
+ *0208 T- -0089 T= -f -Oil 9 T, 

T 

and the i^p’esponding correction of ^ will be 

(•0119--0159)|=— OOil. 

which reduce the v^ne *246 of PoissoH^s rafio to *241. To the valw^ 11 (a) (5) we 
shall apply the ^une corrections as to the ok®rvations of July 17<h and 18^ and to 
vdue *220 of Po^>K*s ratio m thus reduced to *223. The correctdi oi 2omm% 
ratio -225, *283, *224, *241, ‘22$ ^ve to meau value *229 ; and it wffl matei tot 
every one of the five detomini^to (whether corrected or mmmrectdl) is ter ^an me- 
four&. 

The five determinations of T and F nneorrected and conr^ted, are given Wow. 
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tm T m^m deadly shiowa, l*dl83, esm^ for I{«) (5), ’BAIdtit k 
, Bbe ^ppec^ai^ fector lor F Is ia every cam 1-0159* 

• Uaeomct^, Comet«l ^ 



^ T. 

P. ' 

T. 

F. 

1(a)(6). 

543*5 

444*7 

653*4 

451*8 

2(a)(i). 

548*5 

446*0 

658*5 

453*1 

8(a)(6). 

546*0 

447*5 

556*0 

454*6 

lfa)(6). 

652*7 

441*0 

559*3 

448*0 

n(a)(6). 

547*1 

448*5 

657*1 

455*6 

Mean of corrected values . 

. 656*9 

462*6 


We now proceed to deduce, as in our former paper, the values oft,f, n, M, and k, the 
units being the centimetre and the weight of a gramme. 

For ^ and^ the torsional and flexural rigidities, we have the expressions 
t=: twice distance x force X arm X length x ^ T, 

jf= twice distance x force x arm x length X 

where twic^ distance = 865*4, force =100, arm =65*77, length =23*56. Hence we have 
log f=9’66670- logT=6*01092, 
log/=9*65440~ logF=6*99869. 

The volume of the rod was 10*902, being the loss of weight in water multiplied by 
1*00111, which is the factor proper to the tempmrature 13*3 R. The Imigth being 23*56, 
we find (putting r for radius of rod) Tr*=*46273, r= *88378. 

For Young’s modulus we have 

M=^ =685,100,000; 

for the id^dity, 

« =;^=239,020,000; ' . 


for Oie redstance to compresdon. 


k = 


Mn 


for Foissoh’s ratio. 


^^^= 358 , 264 , 000 ; 


1 ^/ 1 . 


•229. 


The values found last yeiu for anothm' specimen of flint glass, by a difierent midEer 
(see former Pa^^ -w&m 

M=614,330,000, «= 244,170,000, 

^=423,010,000, (r=*258, . / 

the ^edfic gmv% of ^ ^dmen being 2*935, while of year’s was 

2*942. 
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* mie deteimim^Kms^ M b^g «% abi^l^par m 

file fi»nw <mB Isro in th^ latter:, ate Ito 4€ii^ l^kg ate 

^ moie 3ri^^ l!be fulu^ of i a»d tr axe liable to a ki^ of error; Imt 

Ibis remai^ m mme aspedally applicable to last year's r^alte, as oar appaxatos 

affords mmea^d fadliti^ for determining tbe mMq «£ to tomonal 

rigidity, 

WiA reject to the composition of the two specimens, I ^ mmye to give precte 
m^aaation, as the irgredients are mixed awscnding to no ^finito nde. 

He glass rod haring been takmi down, a rod of drawn brass was znonnM in its place, 
toe apparatus remaining in precisely toe same position as in toe experiments of Jnly 
17to and 18th. Hie following results were fomished by tlm first set ^ ob^rraritais. 


July 27to and 28to : — 

I (a). Pointer at 

(f 

Torsion 408 

Flexure 276 

n(o). 

30" 

?> 

406 

« mi 

m(a). 

60" 

5> 

404 

„ 276 

I(S)- 

9(f 

„ 

404 

„ 280 

n(«>. 

120" 

n 

404 

„ 276 ^ 

. ni(i). 

150° 

** 

407 

« 275J 


From these we obtain toe ibUowing means : — 

I(«)(^). Toirion 406 Flexure 2T8, 

II{ir)(^),' „ 405 „ 275-6, 

'm(a){h), „ 405-5 „ 275-1, 

whence, after correcting as before for difference of scale-dirisions, we obtain for Poisson’s 
ratio toe values *451, *461, -465. 

The weights used in these observations were the same as for toe glass rod. 

A second set of observations were made July 81st, August 1st ai^ 2nd, in which, 
bmdes the old weights, which were eadi 100 grms., weights of 200 grms. were also 
emj^oyed. .These latter, howevmr, could only be used tor flexure, as when toe attempt 
was ma^ to employ them for torsion, it was found imposrible to j»event the rod ftom 
turning in its socket In congruence of turning wMch took placB ftom this cau^ at 
toe commmcement of this set of observations, toe fcdlowing pointer-imdings are not 
preciseljr comparable with toe foregoiBg, toat is to say, toe zero-point may be re^aded 
as haring shifted between toe two sets of ob^vations. A slight ^mge ate made 
in toe position of one of the telescopes, between observations ${a} and 1 (b% for the 
purpose of obtaining bettor %ht, and at toe lame time a sfeapg wi^ attodhed to toe 
‘^damper” in such a manner that the observer c»uld puH the ^kper amy ftom toe rod 
without removing his eye ftom' the t^esc^e. 

Tte jfoilowing were the r^rfts, rim of flex^e^BWiiteBi liCTg ot^feed 

we%hts of 100 and 200 grms. r^ecriw^^. 



m BWMTT m wmmiTt m oi^sa 


14 ^ 


m 

at 133* 

Tcntiott 4O0| 

Flexure 277, 


2{«). 

„ 195“ 

„ 406 

„ 276, 

551 

3(4 

„ mr 

„ m 

„ 272, 

547 

1(4 

„ 265“ 

„ 410 

„ 276, 

552 

2(4 

„ 285“ 

„ 408 

„ 279, 

554 

3(4 

„ 315“ 

• „ 404i 

„ 282, 

552i 


From the^ we kaim the followii^ m^as : — 

l{a){h). Torsion 408*1 ilexuie 276*5, 651*2 

2(®)(5). „ 407*0 „ 277*5, 552*5 

3{4(^). „ 407*0 „ 277*0, 540*8 

Correcting for difference of scale-divisions, we deriye the following values of Poi^k’s 
mtio. 

From toraon at 100 grms. coin|rared with flexure at 100 grms., 

•468, ‘459, ‘461. 

From toraon at 100 grms. compared with flexure at 200 grma, 

•473, *465, *473. 

Collecting aU the results obtained with the brass rod, we find the mean value of T to 
be 406*4. 

The mean value of F from the six results for weights of 100 grms. is 276*6, and from 
the three results for weights of 200 grms. 551*2. We shaE denote these two numbers 
by Fi and F, respectively. 

Eeduced to centimetres, these become 

Txm==10*19, F,x#o%=^*97, F,xm%=13*90, 
which, bemg divided by 865*4 or twice distance of scale from mirrors, give as the amounts 
of torsion and flexure in circular measure, 

Torsion, *01178; Flexure, *00805 and *0161. 

The whole ieng& of rod operated on was in the present oise l-H of the portion 
between mirrors; hence the values of d for the mi^hanical correction are of the 
above angles, or 

•0229, 0167, *0313. 

The values of lie &otor — are respectively 

•729, -729, *442, 

giving a® the of the m»weha»i ^l cKarejAion 

-f ‘01i7 T, +*0114 F„ + 0138 F^ 

The tat. ojpicdl ta mme as fiir July 17th ai^ 181^ m 

-.-0513 F„ -.^13 
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and the second optical correction is still inappreciable. We hare therefore as the total 
corrections to be applied 

+•0142 T, +*0101 k, +-0125 F*, 

T T . T T 

from which we deduce for and the corrections +*0041 ir and +*0017 pK * 

Fj trg - Fj fFg 

Hence the corrected yalues of Poisson’s ratio are^ — 

From T and k ... -457, *467, *471, *474, *465, *467, 

From T and F^ . . . *476, *467, *476. 

The mean of these nine values is *469, which we therefore adopt as the value of <r for brass, 
being nearly double of our value for glass. The comparison of our results for th^ two 
substances with those of other experimenters is somewhat startling. It stands thus : 
Glass. Wertheim, *33, Maxwell, *332, Everett, *239, 

Brass. Kirchhoff, -387, „ -469; 

and our two results, *239 and *469, were obtained with the same apparatus in the same 
position, each of them being the mean of several determinations, which for glass ranged 
&om *223 to *241, and for brass horn *457 to *476. 

The following are the values, uncorrected and corrected, of T and F, the latter 
including both F, and JF^. 

rncorrect^. Corrected. 



T. 

F. 

T. 

F. 


406*0 

278-0 

411-8 

280-8 

II («)(«). 

405*0 

275-5 

410-7 

278-3 

III(«)(J). 

405-5 

275-1 

411-3 

277*9 

!(«)(*). 

408-1 

276-5 

413-9 

279*3 

2 («)(*)■ 

407*0 

277-5 

412-8 

280-3 

Ha)(b). 

407-0 

277-0 

412-8 

279-8 

!(«)(*)• 


[275*6 


279-0] 

2 («)(*). 


1 276*2 


279-7 Uf, 

3(a)(J). 


[ 274-9 


278-3] 

Means of corrected values . 

. 412*2 



The elemfflits for deriving t from T, andy from F, are the same as for the glass rod, 
except that the length between mirrors is 24*54 instead of 23*56, 

We thim find 

log f=9-67439~logT=7*05928, 
iog/=9*67209-logF=7*22602. 

To determine the radius r of the rod, we have weight in air=91*36l, weight in water 
=80*578, the temperature of the water being 7*3 R. Henc^ vcfiume ha centimetres 
=10-783 X 1 *0002= 16*785, which, being divided by the lei^th 24*54, gives ir?^=*43949. 
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Heace we find for brass, 

M=^=l,094,800,000, 
n=.^= 372,890,000, 

*=8(3»-M)=5>700.700,000, 

(r=^-l=-469. 

2n 

From comparing the above value of k with its values for the two glass rods experi- 
mented on, it would appear that brass is from 13|^ to 16 times more incompressible 
than glass ; but this result is to be received with caution, for reasons which will be stated 
further on. 

A rod of cast steel was next operated on, with the following results, the weights used 
being the same as for the brass rod. 


1(a). 

Pointer at 310° 

Torsion 204J 

Flexure 155i, 313 

II(«). 


O 

oo 

55 

205 

„ 155 , 307 

Ill (a). 


250° 

55 

207 

„ 154 , 316 

I(J). 


o 

(M 

„ 

206 

„ 157 , 313 

II (J). 


190° 

„ 

206f 

„ 154 , 313i 

Ill(i). 


160° 

55 

206f 

„ 156 , 31 3J 

Hence we have the following 

means: — 




I(a)(i). 

Torsion 205*1 

Flexure 

156*2, 313-0 


11(a)(4). 

51 

205*9 

55 

154-5, 310-1 


111(a)(4). 

55 

206-9 


155*0, 314*7 


Correcting for difference of scale-divisions, w^e obtain the following determinations of 
Poissox’s ratio. 

From torsion at 100 grms. compared with flexure at 100 grms., 

•305, *325, *327. 

From torsion at 100 grms. compared with flexure at 200 grms., 

•304, -321, *308. 

As the apparatus was disturbed in my absence, and the mirrors were moved from their 
places before any measurements had been made of their positions, it is impossible to 
determine with accuracy firom the foregoing observations the torsional and flexural 
rigidities of the rod. In order to determine Poissox’s ratio as accurately as the data 
permit, we shall assume (what is known to be near the truth) that the ratio of the whole 
length operated oii to the length between mirrors was the same as for the bmss rod, and 
that the optical corrections are the same. From these data, the mechanical corrections 
are found to be 

+ •0084 T, +-0064 F„ +-0078F,, 

MDCCCLXVH. X 
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which, together with the optical cori^ctions 

—•0025 T, — -OOia Fi, --OOIS F^, 

make the total corrections 

4- -0059 T, +-0051 F„ +-0065 Fj, 

T 

which are so small and so nearly equal that the corrections of ^ may be neglected. We 

therefore assume as the value of Poisson’s ratio from these experiments, the mean of the 
six determinations above given, which is *315. 

AU the foregoing experiments were conducted by myself in the Lecture-room during 
the Vacation. At the commencement of the Session, the apparatus was removed to 
another room, where experiments on the steel rod were continued, under my direction, 
by two students (Messrs. King and Walxee) during the months of November and 
December. The room selected for this purpose being on the ground-floor, and paved 
with asphalt, on which the apparatus rested, was superior, as regards steadiness, to the 
lecture-room, which is on the first floor ; and I may here remark that the inconsistencies 
(such as they are) which occur in the foregoing experiments, were found to be due 
mainly to the yielding of the floor under the feet of the obser^’er. 

On the other hand the new situation afibrded less height, the scale being only 223’5 
centimetres above the mirrors. It was also rather dark ; but this defect was completely . 
remedied by using a gaslight, aided by a concave reflector, to illuminate the scale. The 
scale used was a new one, of the same kind as the old, but with the lines nearer together, 
their distances, as determined by taking the means of several measurements, being such 
that 

For torsion . . 171 scale-divisions =23*88 centims. 

For flexure . . 171 scale-divisions =23-97 centims. 

The -whole length of rod subjected to torsion and flexure was 46*8, and the mirrors were 
attached at a greater distance apart than in any of the foregoing experiments, -viz. 38-1 5 
centims. The telescopes were at the same height above the mirrors as before, being 
clamped to the same table which had been pre-viously used. The weights employed 
were of 100 grms., and the system of observing -was the same as in the later obsei*vations 
above described. 

The following were the values obtained for T and F in terms of their respective scale- 
divisions, each of these values being the mean of sixteen determinations. 


1(a). 

Pointer at 

0° 

Toraxm 25*62 

Flexure 19-68 

2(a). 

5? 

30° 

« 

25-87 

51 

19-57 

3(a). 

5) 

60° 

51 

25-87 

15 

19-64 

1{J). 


90° 

M 

25-95 

15 

19-74 

2(i). 

„ 

120° 

51 

25-85 

51 

19-82 

3(J). 


isr 

1? 

25-84 

11 

19-80 
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M^oe we have the foUowing meaas: — 

\{a){h). Torsioii 25*7S Flexure 19-71 

t{a){hy „ 2h*86 „ 19-70 

%\a)\hy „ 25*80 „ 19-72 

And applyii^ the correction for difference of scale-divisions, which is now 1 part in 266 

T , * . T 

to be subtracted from p’ we have as the values of Poissoif’s ratio, or ^—1, 

*30S, -308, -306, giving a mean of -306. 

The mean values of T and F are respectively 25*83 and 19*71, w-hich reduced to cen- 
timetres become 3-61 and 2*76 ; and as twice the height of the scale is 447, we find the 
amounts of torsion and flexure respectively in the portion of rai between mirrors, to be 
about *00808 and *00617. The values of 4 are of these, or *00993 and *00758, 
which are to be multiplied by *729, as before, giving for the mechanical corrections the 
values 

-f -0072 T and -f -0055 F. 

J7o measurements were made to determine the optical corrections, we shall therefore 
assume them to be the same as in the experiments on the brass rod, viz. 

— •0025 T and - 0013 F, 

making the total corrections 

-f -0047 T and 4-*0042 F, 

T 

whose difference is so small that the correction for p may be neglected. We therefore 

adopt for Poissox’s ratio, as determined by these experiments, the above value *306. 
The corrected mean values of T and F are 25*95 and 19*79, and we have 

t=447’0 X 100 X 55-77 x 38*1 5 x ^T, 

/= 447*0 X 100 X 55*77 x 38*15 x 

whence 

log j?=9*83317- logT=7*41903, 
log/=9*83153- logF=7*53508. 

The weights in air and water were respectively 132-94 and 116*00 grins., the tempera- 
ture of the water bmng 7*7 R., and the length of the portion weighed being 38T centims. 
The corr^tion for density at this temperature may be n^lected, and we have volume in 
centim. = loss of weight in grammes =16*94. Hence = *44462 r= *37620. 

M=^=2, 179, 300,000, 

n 

k 

ff 
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and as the experiments in the Lecture-room gave *315 as the value of «■, I adopt the 
value *310. Kibchho3PF’s value for steel is *294, and Cleek Maxwell’s for iron *267. 

The following are the collected results of the experiments described in both this and 
the former pa^r, the values of M, k, and Ic being reduced to kilogrammes’ weight per 


square millimetre. 

Hint Glass, Flint Glass, Brawn Brass, Cast Steel 
1865. 1866. 1866. 1866. 

M 6143 5851 10948 21793 

n , 2442 2390 3729 8341 

h 4230 3533 57007 18756 

*258 *229 *469 *310 

Specific grarity . 2*942 2*935 8*471 7*849 


Strictly speaking, the above values of M are the measures of resistance to longitudinal 
extension j^arallel to the length of the rods, and the above values of n are the measures 
of resistance to shearing in planes or perpendimlar to the length. The values of 

Jc and a have been deduced on the hypothesis that the materials of the rods are isotropic. 
If, however, as is probably the case, this hypothesis is not fulfilled, and if the deviation 
from isotropy be such that the resistance to shearing in planes parallel or perpendicular to 
the length is less than for intermediate planes, then the values of h and c above calculated 
are too large ; for longitudinal extension (especially if accompanied by lateral contraction) 
involves a certain amoimt of shearing in planes oblique to the length, and the resistance 
to this shearing is one of the constituents of M, whereas the shearing which takes place 
in torsion is perpendicular to the length. Such a deviation from isotropy as we are now 
considering will therefore increase the ratio of M to n, and will therefore increase <r, 

which is equal to ^—1. It will also increase k, since the value of k may be written 


M 

3(1 --2<r)' 


This caution is specially important in the case of the brass rod, both because 


the operation of “drawing” appears likely to produce such a deviation from isotropy 
as we have been describing, and also because the value of ff for this rod comes out so 
nearly equal to ^ that the factor 1— 20 - in the denominator of k will be greatly affected 
by small errors in the value of For these reasons we are not disposed to attach 
much weight to the very large value of k which we have found for brass. 

We append for comparison some of the principal results obtained by previous expe- 
rimenters. 

The values obtained by Wertheim for different specimens of glass (crystal) were, — 
M 3481 to 4429, mean 4039, 
n 1288 to 1687, mean 1518, 
k 3569 to 4476, mean 3968; 


and for different specimens of brass, 

M 9665 to 10645, mean 10054, 
* n 3600 to 3973, mean 3745, 
k 10216 to 11058, mean 10631. 
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Savakt’s experiments on the torsion of brass wire lead to the result ?i=3682. 

Kupffee’s values of M for nine different specimens of brass range from 8112 to 
11617, the value generally increasing with the specific gravity, and the two specimens 
which agree most nearly with our own in specific gravity show the following results : — 
Specific gravity 8*4465. Value of M 10783 

Specific gravity 8*4930. Value of M 11421. 

The values of M found by the same experimenter for steel range from 20569 to 21842. 

The values of o- found by Kirchhoff, Wertheim, and Maxwell have already been 
given. They all differ widely from our own except in the case of steel. 

In conclusion we may state that, as our present form of apparatus is found extremely 
convenient, it is intended to use it for continuing the series of experiments which have 
been begun, with, how*ever, an important modification, which will be made for the 
purpose of diminishing or removing the “ mechanical coirection,” 
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IX. On the Structure of the Ojptic Lobes of the Cuttle-Flsk. ' 

By J. Lockhart Clarke, F.B.S., &c. 

Keeeived September 26, — Bead ^fovember lo, 1866. 

The brain of the Cuttle-fish is enclosed in a cartilaginous case or skull, which is pierced 
by foramina for the passage of the nerves which it gives oif. It consists of several ganglia 
closely aggregated and united around the upper end of the oesophagus, as shown in 
fig. 1, Plate X. Alone the oesophagus, the foremost or pharyngeal ganglion («), which 
is much the smallest, is bilobed, somewhat heart-shaped, and closely applied, at the 
central line, to the junction of that tube with the large globular and powerful pharynx 
(^, b, b). Behind this ganglion, and joined to it by two nervous cords, is a laige bilobed 
ganglion (c c), which is broader above than below. It rests on a kind of disk or collar- 
like layer of nerve-substance, which forms the roof of the ring or short canal (d) through 
which the oesophagus is transmitted 

Below the oesophagus, and forming the floor of the canal (d) that transmits it, is a 
large and broad ganglion (e) which extends forward and is pai-tially divided into an 
anterior and a posterior portion. The latter portion is connected along the sides of the 
oesophagus with the sw^ra-oesophageal ganglia, by means of bands which complete the 
oesophageal ring. It gives off nerves to the branchiae, to the viscera, to the mantle, &c. 
The anterior portion of the suboesophageal mass supplies nerves to the feet and 
tentacles, and a connecting branch to the pharyngeal ganglion (a). 

From each side of tht^se cephalic masses, and connected as much, apparently, with 
the ganglia beneath the oesophagus as with those above it, springs the optic peduncle 
(/) which unites them with the large optic ganglion (y g). On its upper surface is a 
small pyriform tubercle attached to it by a short pedicle or neck. Each optic lobe is 
as large as the rest of the cephalic ganglia on both sides taken together, and bears a 
striking resemblance in shape to the human kidney. Fig. 2 represents the left one 
freed feom the nerves in which it is enclosed. It is very convex on its outer side, with 
a deep notch on its inner side where the peduncle is attached. Its upper surface aim 
is a litBe concave, and its under surface is convex in a corresponding degree. Every- 
where it is covered and entirely concealed by a thick stratum of optic nerves ^sposed 
in flatteimd bands, which mue from all parts of its substance and proceed at once to 
the l^k of tibe eye (A), in a layer or Hnd of fan-shaped expansion (i i), which, like the 
optic lote itself, is somewhat coimave at its upper surface and a little convex below. 
As they enter the back of the eye the bands of the layer decussate ; those proceeding 
fcarm. tiie surfa«^ (t', tight dde of figure) sloping downward over the convex border 
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of the lobe, to the wnder side of the eye ; while those which proceed from the under 
surfrce of the lobe, ascend in a similar way between the others to reach the side 
of the eye at Moreover, at the upper surface, this layer of fibres is curiously folded 
over each end of the lobe, as shown at g g. 

After removing one of the optic lobes with its peduncle and layer of nerves, if a 
thin loi^tudinal section be made through the middle line, and .ma^ified ^out seven 
diameters, it presents the appearance delineated in fig. 3. Here it will be seen that the 
optic nerves at j proceed outward in almost straight lines, while those nearer the end 
and at the opposite side of the lobe (k, k, are successively more curved in their 
course to join the others for the formation of the fan-like expansion which is attached 
to the globe of the eye. The substance of ^the lobe consists of two distinct portions, 
which differ from each other considerably both in structure and general appearance. 
The outer portion (Z, fig. 3) resembles a thin rind or shell, and is very delicate and very 
easily separated from the substance which it encloses. It may be said to consist of 
three concentric layers, — an external layer (wi), an internal layer (n), and a broad pale layer 
between them, containing two thin and concentric layers (o) of a somewhat darker hue. 

When this outer or cortical portion of the lobe is subjected to higher magnif^ng 
powers, it is found to possess a very beautiful and a very elaborate structure. Fig. 4, p 
represents a thin vertical section magnified 220 diameters. The first or outer layer (g) 
•to which the optic nerves (r r) are attached, is composed of small round nuclei of nearly 
uniform size, together with a few nucleated cells of either an oval or a poly-angular shape. 
Near the surface the nuclei are comparatively few, but increase in number ^ they de- 
scend, and on approaching the border, which is very sharply defined, they are crowded 
closely together. Through this layer the nerves enter in separate bundles which 
diverge as they descend. The majority, at least, of their fibres are connected with the 
nuclei, and form with them a close network ; but whether any of them run directly 
through to the next subjacent layer I have not determined satisfactorily. 

The second layer (s) is composed entirely of fine nerve-fibres which run in two different 
directions at right angles to each other, the one being vertical, and the other horizontal 
or concentric with the layer. The vertical fibres are by far the more numerous. They 
issue from the under surface of the first layer as prolongations of the nerve-roots, but 
they have no fascicular airangement, being uniformly disposed in parallel lines. Some 
of them, particularly at the lower part, abandon their original direction to become 
continuous with the horizontal fibres (f, f), while the rest are prolonged across these 
fibres as far as the next layer (u). The horizontal fibres, for the most part, are col- 
lected into separate bands. The highest of these (t) is very slender, and below it are 
delicate fibres running in the same direction, but with wider intervals between them. 
The other two bands are at the lower end of the layer. They are much broader, and are 
separated only by a narrow interval. The lowest is in contact with the third or sub- 
jacent layer («). 

This third or internal layer fig. 4, and «, fig. 3) of the cortical portion of the lobe 
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is com^sed of roimd and closely a^egated nuclei of nearly the same size as those of 
the fiist layer. The nuclei are united in a network of fibres, which at the upper border 
{w) are directly continuous with both the transverse and longitudinal fibres of the^ layer 
next above. At the lower border {w') is a single row of nucleated cells, which send their 
proc^ses upwards, inwards, and sideways. 

But the cortical substance, consisting of these three layers, forms only a very small 
portion of the optic lobe, the chief bulk of which has a structure and appearance of 
quite another kind. From the nuclear network and nucleated cells of the third or 
inner layer («f, fig. 4) of the cortical portion of the lobe, a continuous series of fine 
nerve-fibres may be seen to issue at its lower border [w). At first these fibres are 
vertical, parallel, and arranged side by side in a nearly uniform series ; and between 
them are scattered without regularity a number of round, oval and triangular nuclei like 
those of the cortical layer : but immediately after their exit the fibres begin to arrange 
themselves in bundles, which, as they descend, deviate from their former vertical direc- 
tion, and decussate each other in a plexus or netwwk {w, w ) ; while the nuclei, in 
corresponding proportion, collect at first into small iiTegular groups {yy) between the 
bundles, and then into groups that are larger and more compact, within the meshes of 
the plexus y ') ; they are not, however, completely isolated, but communicate with each 
other, to a greater or less extent, by means of lateral offsets. At first the meshes and 
the groups which they contain are more or less fusiform and disposed with their longer 
axes vertical, so as to constitute a system of communicating rays at right angles to the 
cortical layers (yy, figs. 4, 3, 6, & 6); but as they reach the centre of the lobe, where 
the bundles of the plexus are more divergent and decussate each other, in every direc- 
tion, at greater angles, the groups contained in the meshes become more globular, more 
isolated, and at the same time larger ; but still they communicate by lateral offsets like 
a number of stellate cells (figs. 3, 5, & 6). Fig. 6 represents a transverse section of the 
lobe along the line a', fig. 2, and shows the globular and stellate form of the cell-groups 
in the centre, with their elongated form and radiate arrangement near the surface*. 
Fig. 6 represents another transverse section through the peduncle and its tubercle, along 
the line fig, 2. Here the cell-groups in the centre are still more globular, and con- 
sequently, in section, many of them appear much larger than the elongated groups which 
are cut transversely in fig. 6. 

Under a magnifying power of 60 diameters, thin sections made in different planes 
through the centml parts of the lobe present the appearances delineated in fig. 7. Here 
the blank, communicating spaces, so well seen in fig. 5 between the central groups of 
cells, are occupied by the most intricate part of the plexus, where the bundles interlace 
in every possible direction. The fibres of each bundle are connected with the cells of 
different groups by means of their processes, which are turned to every side. 

On examining the cell-groups under still higher powers, they were found to consist of 
round, oval, pyriform, and triangular nuclei, confusedly mingled with small and large 
* Fig. 5 slwmld ha-re hem reveraed from right to left by the engraver. 
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nucleated cells of every 'variety of shape, as repres^t^ in fig. 8, magnified 220 ^fia- 
meters. 

From the plexus on the inner side of the lobe the bundles ^nve^€^ unite to fom 
the fibrous portion of the peduncle ( 0 , figs. 3 & 6). In fig. 3, which represents a longi- 
tudinal section of the lobe, they are seen to decussate in a very striking manned; but in 
plan^ at right angles to it there is no appearance of decu^tion, as may be seen in 
fig. 6, which represents a transverse section through the middle of the lobe and peduncle 
in the direction of the line b’, fig. 2. Moreover, it may be here observed that the fibres 
occupy only the inferior half of the peduncle, the superior half (s^) consisting chiefly of 
masses of nuclei and mnall cells like those of the lobe, and giving attachment to the 
tubercle (z”) by a short and narrow pedicle or neck. This little body is pyriform, inclined 
somewhat outward, and composed of closely-aggregated nuclei connected with a multitude 
of fibres which converge to the neck and then spread through the cells of the p^uncle. 

Having thus concluded my description of the optic lobes and their peduncles, I will 
ofier a few brief remarks on the general structure and connexions of the remaining 
cerebral centres, vrith the view of determining their homologies. The foremost or 
bilobed pharyngeal ganglion in situ is rendered quadrangular by the roots of the nerves 
which it gives ofl". In front it gives off from each angle a thick nerve-trunk (a, a), which 
soon divides into two branches. One of these is distributed on the outer side of the 
mouth to the powerful muscles which move the beak, while the other turns inward to 
the laminae or turbinated folds of the palate. These folds are muscular, but have a 
strong resemblance to the nasal laminae of fishes and other vertebrata, and are every- 
where lined with mucous membrane and epithelium*. Between the large nerves given 
off from the angles of the ganglion, numerous smaller branches proceed directly forward 
to different parts of the mouth. Some of them may be traced to the muscular bands 
that descend to the base of the spiniferous tongue, which is situated at the bottom and 
in front of the turbinated palate. The ganglion itself has a composite structure, A 
longitudinal section, that is, a section behind-forward, is oval or fusiform. Examined 
under a sufficiently high power, it is found to consist of two kinds of tissue — (1) a central, 
oval, and whitish nucleus ( 1 , %. 9) composed of the closest interlacement or network of 
the finest nerve-fibres, with some intervening granules ; and (2) a surrounding grey layer 
of nucleated cells (2, 2), in connexion with fibres proceeding from the central nucleus. 
Above, and especially below, the nucleus reaches nearly to the surface of the ^nglion, 
so that at those parts the layer of nucleated cells is very thin; but in fix>nt (s) and 
behind ( 2 ') it is much deeper. From the distribution of its nerves to the muscles 
of the mouth and tongue, and to the turbinated laminae of the palate, this ganglion 
would seem to correspond to the centres of the fifth, the ninth or hypoglossal, and 
perhaps the olfactory and gustatory nerves of vertebrated animals. 

The second and larger ganglion (c c, fig. 1), which is connected with the former by two 

* They communicate with the mouth by openii^ or fissures in the pdate, and app^ to he flm olfaetoy 
organs. 
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nervous cords, has also a composite structure. Its superficial, smooth, and convex 
portion consists of two comparatively thin caps or shells, joined in the middle line, but 
separated in front by a notch (see fig. 10, c c). It is composed of a very close^ inter- 
lacement or network of the finest fibres, interspersed with fine granules, with nuclei, and 
with small cells of different shapes ; and in these respects bears a strong resemblance to 
the cerebral lobes of fishes. Beneath the convex caps is a large mass of an entirely 
different structure. This consists of a kind of plexus, or interlacement of coarser fibres 
in every direction, with intervening but irregular and coalescing groups of nucleated 
cells and nuclei. It has some resemblance to that of the central parts of the optic 
lobes, but is finer. At its base, where it overlays the canal for the oesophagus, it presents 
a somewhat diversified appearance, and projects in front ( 3 , fig. 10 ) and behind (fig. 1, 3 ) 
in the form of a kind of collar, as already stated. Whether this central portion of the 
ganglion constitutes any part of the nervous apparatus for vision, or whether it should 
be considered as a cerebellum, is not easy to determine. It is certainly in connexion 
both in front and behind with the optic peduncles and lobes ; but then so is the cere- 
bellum in vertebrate animals, especially in fishes ; and it can scarcely be expected that 
a distinct cerebellum would be wanting in an animal whose cerebral development 
approaches so closely to that of fishes in which that organ is very large. 

The posterior part of the suboesophageal mass, as already stated, gives off nerves which 
supply the branchiae, some of the viscera, and the auditory apparatus, and may therefore 
be considered as homologous with the medulla oblongata ; while the anterior part, which 
supplies nerves to the feet and tentacles, may be regarded as the spinal cord, concentrated, 
like those organs, in the neighbourhood of the head. 
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X. Abstract of the Results of the Comparisons of the Standards of Length of England, 
France, Belgium, Prussia, Russia, India, Australia, nmde at the Ordnance Survey 
Office, Southampton. By Captain A. E. Claeke, R.E., F.E.S., Ac., under the 
Direction of Colmel Sir Henry James, B.E., F.R.S., Ac., Director of the Ordnance 
Survey. With a Preface by Colonel Sir Henry James, R.E., F.R.S., Ac. 


Eeceived November 15, — Read December 13, 1866. 


The principal triangxilation of the United Kingdom was finished in 1851 ; and the tri- 
angulations of France, Belgium, Prussia, and Russia were so far advanced in 1860 that, 
if connected, we should have a continuous triangulation from the Island of Valentia, on 
the south-west extremity of Ireland, in north latitude 51° 55' 20'', and longitude 10° 20' 40" 
west of Greenmch, to Orsk, on the River Ural in Russia. 

It was therefore possible to measure the length of an arc of parallel in latitude 62° 
of about 75°, and to determine, by the assistance of the electric telegraph, the exact 
difference of longitude between the extremities of this arc, and thus obtain a crucial test 
of the accuracy of the figure and dimensions of the earth, as derived from the measure- 
ment of arcs of meridian, or the data for modifying the results previously arrived at. 

The Russian Government, therefore, at the instance of M. Otto Struve, Imperial 
Astronomer of Russia, invited (in 1860) the cooperation of the Governments of Prussia, 
Belgium, France, and England, to effect this most important object, and to their great 
honour they all consented, and granted the necessary funds for the execution of the work. 

The portion of the work which was assigned to me was the connexion of the tiiangu- 
lation of England with that of France and Belgium, and I published the results of this 
operation in 1862*. But this work has been done in duplicate; for when application 
was made to the French Government to permit the necessary observations to be made 
in France, they not only consented to allow this, but at the same time volunteered to 
join in the labour and expense of the work itself. 

It would obviously have been wrong to mix up obseiwations made with different kinds 
of instruments and on different principles, and therefore it was agreed that the vrork 
should, in fact, be made in duplicate, both the French and English geometricians using 
the exact same stations. 

The results obtained by the French geometricians is published in the Supplement to 
vol. ix. of the ‘Memorial du Depot General de la Guerre,’ 1865, and the agreement 
with the results obtained by the English is truly surprising. 

But however accurately the trigonometrical observations might be performed, it is 
obvious that, without a precise knowledge of the relative lengths of the standards used 

* Extension of the Triangu^tion of the Oidnanee Survey into France and Belgium. London, 1863, 
MUCCCLXVII. z 
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as the units of measure in the triangulation of the several countries, it would be 
impossible accurately to express the length of the arc of parallel in terms of any one of 
the standards. 

It was therefore necessary that a comparison of the standards of length should be 
made ; and as we had a building and apparatus expressly erected for the purpose of 
comparii^ standards at this office, the English Government, on my recommendation, 
invited the Governments of the several countries named to send their standaixk here ; 
and we have had the following compared with the greatest accuracy : — 

1. Russian Standard double Toise, P. 

2. Prussian Standard Toise. 

3. Belgian Standard Toise. 

4. Platinum Metre of the Royal Society, compared with the Standard Metre of 
France by M. Arago. 

5. English Standard Yards, A, B, C, 29, 47, 51, 55, 58. 

6. Ordnance Survey 10-foot Standard Bar. 

7. Indian 10-foot Standard Bars, new and old. 

8. Australian 10-foot Standard Bars. 

9. In addition to the above, the 10-foot Standard Bar of the Cape of Good Hope was 
compared here in 1844. 

We have invited the Governments of Austria, Spain, and the United States of America, 
also to send their standards. W^e have been promised that of Austria, and but for the un- 
fortunate war in which she has been lately engaged, we should have received it before this. 

I have entrusted the execution of the work of comparison and the drawing up of the 
results to Captain Alexander R. Clarke, of the Royal Engineers, who designed the 
apparatus used. The numerous comparisons to be made entailed a great amount of 
labour upon him and his assistants, Quartermaster Steel and Corporal Compton, of the 
Royal Engineers. 

Before the connexion of the triangulations of the several countri^ into one gi*eat 
network of triangles extending across the entin' breadth of Europe, and before the dis- 
covery of the electric telegraph and its extension from Valentia to the Ural Mountains, 
it was not possible to execute so vast an undertaking as that which is now in progress. 
It is, in fact, a work which could not possibly have been executed at any earlier period in 
the history of the world. The exact determination of the figure and dimensions of the 
earth has been the great aim of astronomers for upwards of two thousand years ; and it 
is fortunate that we live in a time when men are so enlightened as to combiim their 
labours to effect an object desired by all, and at the first moment when it was po^ible 
to execute it. 

A full detailed account of the ‘ Comparisons of the Standards of Length,’ with 
numerous plates, has just be^® published, and may be obtained from the agents for the 
]^le of Ae publications of the Oidnance Survey. 


Ordnance Surmy Office^ 
Southampton^ 14th November, 1866. 


Heitey James, Golmd MJE. 
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On the Cmiparism of English and Foreign Geodetical Standards with the English 
Standard Yard. By Captain A. R. Clarke, B.E.^ F.B.S., &c. 

In the Bhilosophical Transactions, Part III., 1857, is the Astronomer Royal’s “Ac- 
count of the Construction of the New National Standard of Length and of its Principal 
Qopies.” Those who have looked carefully into this paper must have perceived that 
the difficulties attending the comparisons of standards, where results of a high order of 
precision are aimed at, are considerable ; requiring the very best workmanship in nearly 
every part of the apparatus, and demanding the greatest patience and circumspection on 
the part of the observer. But the difficulties which were encountered and so success- 
fully overcome by Mr. Sheepshanks are considerably enhanced, when, as in the opera- 
tions which have been recently conducted at the Ordnance Survey Office, Southampton, 
the bars to be compared are of different and incommensurable lengths. It was therefore 
foreseen that without building a room especially for the purpose, and demising an apj®- 
ratus that could be adapted to the measurements of all kinds of lengths up to 13 or 14 
feet, the comparison of the geodetical standards with the yard could not be undertaken 
with any prospect of success. 

The bar-room is 20 feet in length by 11 in breadth ; the walls are double, the outer 
2 feet thick, and the inner inches with an interval of 3 inches. The foundations are 
very strongly built. The roof is fiat, the walls being spanned by iron girders whost^ 
lower flanges support large slates, which again axe covered uniformly by 9 inches of 
concrete. The direction of the length of the room is nearly east and west ; in the north 
face are two small windows, sufficient to admit a moderate amount of daylight. The 
sash finmes, which slide in the interval between the two walls, are further protected by 
wooden shutters, 3 inches in thickness, on the outside. The doorway is at the east end 
of the room and is closed by double doors, one on the outside of the room, the other 
on the inside, so that any one entering the room may close the first or outer door before 
he opens the second or inner door. 

An outer building encloses this room, and so protects it from the variations of tempe- 
rature d the external air. The outer building is of brick, and is 40 feet in length by 
20 in breadth, with an ordinary slate roof. Thus shielded from ex tenial influences, tht' 
temperature of the hiner room is exceedingly steady, leaving nothing to be desired in 
this respect. 

Along the southern wall of Ae room are three stone piers for supporting the micro- 
meter-»microgcopes. The centre pier, or Wock, measures on its upper surfa^ 4 feet b} 
Ifi mehes ; the ©uter blocks me of the same breadth, but only 3 feet 6 inches in length ; 
they are distent 5 feet from centee to c^tre from the middle block. There stones are 
cflore to the wail of the room, birt are not actually in contact v^th it ; they have separate 

z 2 
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and deep foundations of brickwork ; their upper surfeces are about 4 feet 6 inches above 
the floor of the room. Each stone is so cut as to present along its front horizontal edge 
a projecting ledge, the upper surface in fact projecting 3 inches beyond the lower part 
or face of the stone ; the vertical depth of the projecting ledge is 3 inches. 

Immediately in front of and close to the piers is placed a large maho^iy beam, 
measuring 14 feet in length by 14 inches in breadth, and 9 inches in vertical depth. 
Its ^sition is horizontal and parallel to the length of the room, and to the feces of the 
stone piers ; to its upper surface (which is about 2 feet above the floor of the room) are 
fastened a pair of planed cast-iron rails, 11 inches from centre to centre, and extending 
the whole length of the beam. In the fixing of these rads to the beam, provision 
is made for any warping which the beam might undergo ; so that the rails can always 
be kept straight and parallel. 

This beam being intended to support the standard bars when under the microscopes, 
is not itself supported by the floor of the room, but has, like the stone piers, its own 
foundations. The flooring upon which the observer stands has no contact either with 
the stone piers, or with the foundations by w’hich the beam is supported. Further, the 
foundations for the beam are entirely disconnected with the stone piers, thus (and it 
has been repeatedly and severely tested) no movement of the observer can disturb either 
the microscopes or the bars under observation. Before perfect immunity from disturb- 
ance, however, was obtained, it was found necessary to disconnect the wooden flooring 
entirely from the walls of the room ; the flooring is framed in three separate pieces, 
each being supported by, or simply resting on, four large blocks of india-rubber. 

Micrometer Microscopes , — ^The magniiying power of the microscopes is about sixty. 
The length of the tube from the diaphragm to the object-glass is 12 inches, and from 
the object-glass to its external focus 3 inches. The value of one division of the micro- 
meter is about the S5,000th part of an inch. Each microscope is held immediately in 
a strong hollow gun-metal cylinder about 6 inches in length, the axis of which coincides 
with that of the microscope. At either extremity this cylinder is internally provided 
with circular Y’s, into or against which the tubejof the microscope is pushed by springy 
the tube having two strong accurately turned collars for this purpose at one-fourth and 
three-fourths of its length. The upper collar has a flange which determines loigitudi- 
nally the position of the microscope with respect to the gun-metal cylinder; while at 
the same time the microscope is free to revolve in the cylinder, but without anything 
approaching to a shake. From the cylinder, at its mid length, project three arms by 
which it is held and levelled, each arm having through its extremity a cylindrical hole 
bored (:J inch diameter) parallel to the cylinder itselfl This gun-metal cylinder, again, is 
supported by and held firmly to a strong and heavy plate of cast iron, which, havug 
three bosses on its under surface, rests on one of the stone piers, part of the plate pro- 
jecting beyond the front of the stone towards the room. That part of the iron plate 
which rests immediately on the stone is a rectangle of 12 inches by 14 inches, and the 
projecting part may be described as something like an equilateral triangle of 8 inches 
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side : the plate is rather more than an inch thick. Towards the apex of the projecting 
triangle there is a circular hole 2 inches in diameter through the plate, through which 
the gun-metal cylinder holding the microscope passes. Equidistant from the centre of 
this hole, and equidistant from one another, are three vertical screws strongly bolted into 
the iron plate and projecting upwards about 2 inches in length. These screws pass freely 
through the holes in the arms of the gun-metal cylinder. Suppose now two nuts run- 
ning upon each of these screws, one above and one belaw each of the arms, and it is 
clear that we have the means of rendering truly vertical the axis of the microscope, and 
also of holdmg the microscope very firm by clamping down the upper nuts. It will also 
be seen that the microscope is held without the least strain, and that it can be raised or 
lowered small quantities so as to bring to focus over a given object. The iron plate is 
not held down to the stone in any way ; its own weight gives sufficient stability ; it may 
he sliifted to any position on any of the stones. 

Illumination . — Much depends upon the proper illumination of the divided surfaces 
under observation. A candle, whose fiame is mechanically kept in a constant position, 
stands behind the microscopes ; and its light, condensed by a lens -S inches in diameter, 
passes through an aperture in the projecting part of the cast-iron plate, being brought 
to a focus on the divided surface imder obsenation. Abundance of light is thus 
obtained, and the candle being above the bar, the heated air is continually carried away 
from it ; besides, the heat of a candle is the least practicable with a sufficiency of light*. 

Carriages . — ^The box containing the bar, or bars under observation, is supported by 
two carriages which run upon the rails that have been described as fixed on the upper 
surface of the large mahogany beam ; one of the rails is flat, the other triangular in 
section ; each carriage runs on three wheels, two of which, being grooved, run on the 
angular rail, the third on the flat rail. Thus it will be seen that the motion of the 
t^rriage is without any possible jamming. Each of the two carriages is double, that is, 
consists of an upper and lower carnage ; the upper carriage runs upon short rails on the 
surffice of the lower carriage, and in a direction perpendicular to the motion of the 
latter. A slow-motion screw affords the means of communicating, when required, a small 
motion to the upper carriage. Without going into further details as to the construction 
of these carriages, it may be sufficient to say that the different parts are so put together 
that no shake exists, nor can it be introduced by wear. The box containing the bar or 
bsuB under comparison has therefore, when resting on the carriages, a perfectly steady 
bearing ; while it emi l^e moved in a longitudinal direction by the running of the carri- 
ages along the luils on the mahogany beam, or moved transversely by the movement of 
the upper carriages on the lower. 

* This method of illumination was derided on after a considerable number of experiments with gas, oil lamps, 
&c., directed and condensed, or r^Lected in different ways. Had there been only a few different lengths to 
compare, the light might have been terought in from the outside of the room through horizontal holes in the 
wall and piers, and in this manner some of the earlier comparisons on different ten-foot bars wore made. 
But this method cotild not_ have been applied to the comparisons ^nerally, on account of the large number of 
holes that .would have bwn reqTiired. 
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Suppose now we hme two bars lying alongside one anotfe^f in a box (the l»^x^ are of 
a nnifomi breadth of 8 inches extem^dy), their axes pandl^ and about, as nsaid, 
3 inches apart ; then by the movement of the upper c^riagai, the b^ kkI the other 

may he brought alternately under the microscopes. 

Bars, — ^The vmious copies of the standard yard are all 1 inch ^uare in ^^tion, and 
about 38 inches in length. At about an inch from either extremity of the Iwtr, a cylin- 
drical well is drilled halfway through the metal ; at the bottom of each well is a gedd 
pin let into the bar. On the surfaces of these gold pins, which are, it will be observed, 
in the neutral axis of the bar, the lines defining the measui’e are drawn. The bar has 
also wells in its upper surface for the bulbs of two or four thermometers. That particular 
copy of the standard yard which has been compared with all the geodetical standards 
is No. 55 (Swedish Iron) ; it is supported on rollers at one-fourth and three-fourths of 
its length. 

Ordnance Survey Standard Oj. — This is a bar of wrought iron 10 feet 2 inches in 
length, inch broad, and 2\ inches deep ; supported on rollers at one-fourth and three- 
fourths of its length. The ends of the bar are cut away to half its depth, so that the 
dots marking the measure of 10 feet are in the neutral ^is of the bar. There are two 
wells for thermometers. 

Ordnance Intermediate Bar OIi is of wrought iron, in section having the form of a 
girder, with equal upper and lower flanges, the extreme breadth and depth being the 
same as in the last-mentioned bar. On the upper surfece are seven disks, c, d, e,f, g : 
the spaces ah and^V/ are each one yard; hc^ cd^ de, ef\re each one foot. Each disk 
has one transverse, crossed by two parallel longitudinal lines. This bar is supported on 
a cradle system of eight rollers. 

Indian Standards 1^, are bars similar to one another and to the bar 01 described 
above, ditFering only in this, that one is of cast steel, and the, other of Baily’s metal or 
bronze. 

Ordnance Toise (To) and Metre (Mo). — ^These bars are of cast steel, similar in section 
to the last-mentioned bars, but only an inch wide by one and a half deep. The toise 
has four disks, «, h, c, d ; the spaces ah, be are each one yard ; cd is approximately 4*74 
inches. It is supported on a cradle system of eight rollers. The metre has three diaks ; 
the first two are a yard apart, the second and third are 3*37 inches apart. 

Prussian and Belgian Toises Tjo, Ti, are flat bars of cast steel, an inch and three- 
quarters in breadth and four-tenths of an inch thick, terminating in cylinders about half 
an inch in length, the axis of the cylinder coinciding with that of the bar, and the dia- 
meter of the cylinder coinciding with the depth of the bar. At the extremity of each 
of these cylinders is affixed a smaller (co-axial) cylinder of tempered steel, mi eighth of 
an inch in diameter, and only a sixtieth of an inch long. The faces of these simll 
cylinders, which are perfect planes beautifully polished, and at right to the axis 

of the bar, form the terminal planes of the measure. 

Bussian Donhle Toise P is also an end measure, but the terminal surfaces are not 
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plaoes, bcaag sMglitly convex ; it is a bar of wrought iron two toises in length, and an 
inch and a half square in section, supported at one»fourth and three-fourths of its lei^h. 

Standard Foot F is a bar. 13 inches long by 1 inch square divided into inehes. The 
extreme inches are further divided on inlaid strips of platinum, into tenths, and some of 
these tenths into hundredths. 

Thertnmueters . — The standard thermometers, to which all others have been referred, 
have had their errors determined by calibration measurement to every fifth degree, by 
means of an apparatus constructed for this purpose. The apparatus consists essentially 
of three parts : — (1) as a base, a heavy rectangular plate of metal 2 feet long lying hori- 
zontally, having at its extremities upright pieces 10 inches high ; (2) the top of these 
uprights are joined by a couple of steel rods parallel to one another and at the same 
height ; along these rods there slides a platform carrying a vertical microscope between 
the rods; (3) a sliding frame, supported immediately by the lower plate, moving in 
the direction of the length of the lower plate or of the steel rod above, carries the ther- 
mometer to be examined. This sliding frame is moved by means of a micrometer screw, 
which therefore draws the thermometer along backwards or forwards in the direction of 
its own axis. The bed of the thermometer is rendered truly horizontal, and the micro 
scope has a level attached by means of which its axis may be always kept strictly vertical. 
The thermometer is protected, as far as possible, from valuations of temperature by being 
closely surrounded (except its upper surface) by metal; and the detached column ol’ 
mercury can be shifted from one position to another -without touching the thermometer 
with the hand. The error of the mean length of a degree is determined by boiling the 
thermometer (in a horizontal position), and immediately after placing it in ice. 

The thermometers which record the temperatures of the bars are only 5 inches in 
length, each showing 20® range of temperature ; the degi-ee is about a fifth of an inch 
in length, and subdivided to tenths. These thermometers are compared as often as 
necessarj" (and this is very often) with the standard thermometers. The apparatus for 
the comparison of thermometers consists of a water trough, 29 inches long by 9 inches 
broad and 9 inches deep (internal measurement), resting on three points, one of which 
is a leveUii^-screw. The thermometers rest on cross bars at the mid depth of the water, 
their tubes truly level. This trough stands on the ground, and the thermometers are 
read by means of a long microscope, which is momited on a travelling platform, and of 
which the axis is made vertical. The degrees on the long standard thermometers are 
not generally subdivided ; and in order to read them accurately the following arrangement 
was adopted : on a small strip of plate glass are drawn a system of eleven equidistant and 
slightly converging lines ; this strip slides in the diaphragm of the microscope, and can 
be moved by the hand ; then, if it be required to subdivide a degree seen in the centre 
of the fidd of the microscope, the glass slide is moved until the outer lines of the system 
coincide with the bomrfing lines of the d^ee. Thus tenths are immediately read, and 
the hundredths can be estimated. 

In order to read the thermometers whoa lying in the bars, orifices are provided in the 
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coTers of the boxes : tbe microscopes used here are 12 inches in length, they are mounts 
on sliding plates so as to traverse the whole length of the thermometer4ul>e ; the verti- 
cality of their axes is also ensured. 

* Method of Comparing. — ^Whenever practicable, the two bars which have to be com- 
pared are mounted side by side in the same box. Each bar is eapable of being levelled 
(by raising or lowering the cradles or rollers on which it rests), or brought to focus under 
the microscopes. Each microscope has attached to it a level whereby the verticality of 
the axis may be tested. It is usual to arrange a pair of bars for comparison on the 
afternoon of one day, and to commence observing the next day. The bars are visited 
three or four times each day ; a series of comparisons has generally consisted of about 
ten visits or comparisons ; and the bars are then dismounted, to be compared another 
time. Ail adjustments are frequently put out and renewed ; there is little use in mul- 
tiplying observations while none of the circumstances of the observations are changed. 
Consequently, as far as practicable, the comparisons of any two bars have been made in 
detached series ; thus the fear of constant error is diminished. It is generally assumed 
that the temperatui*es of two bars lying together in the box are the same, the minute 
difierences which are sometimes found in comparing the readings of the thermometers 
being attributed to the thermometers themselves, which certainly do not always imme- 
diately indicate changes of two or three hundredths of a degree of temperature. The 
two bars are also made to interchange places, so that either one of them is next to the 
observer about as often as it is next to the piers. A temporary constant error may also 
creep in, if great care is not taken that the divided surfaces are clean ; minute particles 
of dust, almost indiscernible to the eye, or one such particle hanging about the edges of 
the line where it is to be bisected, will give a false result to all observations ; and it is 
of course undesirable to clean the surfaces, or even rub them gently, oftener than can 
possibly be helped. 

The observations made at any one visit to the bar-room are generally as follows : — 
(1) the two thermometers in each bar ai*e read ; (2) the bar A being adjusted to focus 
under the microscopes, three readings (bisections) of the microscope on the left are taken, 
and then three readings of the microscope on the right; (3) B being now adjusted 
under the microscopes, similar readings are made; (4) B is thrown out of focus by 
the levelling-screws, and being readjusted in focus under each microscope is observed 
as before ; (6) A is observed a second time ; (6) the thermometers are read £^in. A 
slight disturbance and rise of temperature is almost inevitably caused by the observer’s 
presence and the heat of the two candles. On the average, the second readings of the 
thermometers are 0*^*0 35 above the hrst readings. 

In comparing any two bars, the greater part of the comparisons have been made at 
temperatures differing not more than 2° from the standard temperature of 62°, and a 
small portion at a temperature as low as possible ; thus the expansions of the bars are 
eliminated. 

With respect to personal error in bisections, this has been found to exist in the case 
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of some particular lines, to the amount of one or sometimes two micrometer divisions. 
The only way of eliminating personal error is by the employment of as many expert 
observers as can be commanded: j 

. Flemre. — ^It is of the utmost importance that a bar be supported invariably at the 
same points ; if these points be altered, then (unless the divided surfaces be in the neutral 
axis) the length of the bar undergoes a change. The proper positions for the supporting 
rollers of a bar have been investigated by Mr. Airy in the Memoirs of the Eoyal Astro- 
nomical Society. In order to test the theory of flexure of bars (considered as elastic 
rods) by actual experiment, a large number of observations as to changes of length cor- 
responding to change of supports were made on three iron bars specially prepared for 
the purpose. Each bar was 40 inches long by an inch square. It will suffice here to 
explain generally the process and give the results for one of the bars. If a bar be sup- 
ported by its extremities, it is clear that the wffiole of its upper surface will be compressed, 
while the lower surface wdll be correspondingly extended ; therefore the length of the 
bar as measured by the distance between two dots at the extremities of the upper surface 
will be less than if the neutral axis were straight ; in fact, if ^ be the inclination of the 
bar at either extremity to the horizon, and k the depth of the bar, its curvature will 
cause the dots to approach each other by the quantity ik. This effect of curvature will 
be greatly exaggerated if the dots be engraved, not on the surface of the bar, but on the 
tops of bits of strong wire inserted (in a vertical position) into the bar at its extremities ; 
if h be the length of either wire, the approach of the dots to one another by the curva- 
ture of the bar will be i{k-\-2h). Accordingly four such perpendiculars were erected on 
the upper surface of the bar, one at either extremity, and one 10 inches from either 
extremity. A box fitted with rollers was prepared to receive the bar; each roller, 
mounted in a frame, could be fixed in any required position, and could at the same time 
be moved in a vertical direction up or down by means of a slow-motion screw outside 
the box. Now’^ suppose four rollers so fixed in the box that one is under each extremity 
and two more at 2 inches right and left of the centre of the bar. Suppose also four 
microscopes adjusted over the four dots, their axes vertical, and their outer foci ranging 
in a straight horizontal line ; by the working of the slow-motion screw (which it is to be 
particularly observed does not require the opening of the box or the touching of the bar 
with the hand) the centre rollers can be withdrawn, that is lowered until they cease to 
have contact with the bar, and then the bar resting on the extreme rollers can be 
adjusted to focus under the microscopes. The microscopes are then read. The extreme 
rollers are then lowered, and the bar comes in contact with the rollers near its centre, 
which are then raised until the dots are in focus. The microscopes are now read a 
second time ; and by these readings, compared with the former, are obtained the changes 
of length of the whole bar, and of its subdivisions resulting from the alteration in the 
positions of the supports. 

The supporting-rollers were placed at different times in the following positions : — 
(1) at 20 inches right and left of the centre; when in this position the supports are 
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designated EE' ; (2) at 2 inches right and left of the centre designate CC' ; (3) at 

40 . . ‘ ' 

inches right and left of the centre designated NN'; (4) at inches right and left 

of the centre designated SS'. 

The following Table contains the observed and computed changes of length of one of 
the bars, of its whole length, and of its subdivisions ; the dots are marked in order from 
left to right, m, w, n', m ’ ; A{mn’) is the alteration of the distance mn! due to the change 
of supports ; the unit is the millionth of a yard. 


( 

Changes of supports. 

A[i»nq 



From 

To 

Observed | Computed 

Observed. 

Computed 

Observed. 

Computed 

NN' 

EE' 

57*8 

58*6 

70-7 

71*8 

60*7 

58*6 


EV 

25*0 

26*3 

25*9 

26*4 

17*4 

16*8 

„ 

NE' 

16*4 

16*8 

26*8 

26*4 

28*5 

26*3 


CC' 

-36-2 

—35*3 

-35*8 

-35*7 

-33*7 

-35*3 


' NC' : 

-31-8 

—30*0 

I -31*8 

' -30-4 : 

-32-2 

-30*1 

3» 

CN' I 

-31*7 

-30-1 

! -31*8 

1 -30*4 ' 

-32*4 ' 

-30*4 

CC' 

! 

EE' 

93*3 

93-9 1 

1 

i 106*5 

i 107*5 

! 93*4 ; 

93*9 


The modulus of elasticity by which the computed results are obtained is derived from 
the observations themselves. 

Absolute Expansion . — The coefficients of expansion of the Indian standards Ig, Ig and 
of the two other 10-foot bars of iron, OI^, Olg, have been obtained by means of an appa- 
ratus constructed for the purpose. Theoretically it is a simple matter to determine the 
coefficients of expansion of tw^o bars A, B ; it may be done as foUow's ; — Compare A hot, 
say at a steady temperature of 100°, with B at the temperature of, say 40° ; next compare 
A at 40° with B at 100° ; and lastly compEire the bars when both at the same tempera- 
ture. But the practical difficulty is to maintain a steady temperature for the hot bar, 
so that it shall not be cooling winle under observation. This has been effected in the 
following manner : — Imagine two closed tanks of copper measuring 124 inches by 6 by 
3 inches, and suppose them fixed to the upper surface of a stout mahogany plank of the 
^me length and 8 inches broad ; between the tanks there remains a vacant space 2 inches 
wide and 5 inches deep ; into this space the bar goes with its supporting-roUers, which 
are capable of slight vertical movement for level or focus adjustment. A current of hot 
water at a steady temperature enters the bar-room from without by a flexible tube ; this 
current is made to subdivide into four equal streams, entering each tank by tw^o orifices 
in its upper surface, at one-fourth and three-fourths of the length. The water escapes 
from each tank by an orifice at the bottom of either extremity, and is conducted out of 
the bar-room through flexible tubes. The supply being purposely greater than can be 
carried away ftom the extremities, an overflow pipe is provided at the centre of the 
tanks, and this overflow is also carried away from the room by flexible tubes. Thus a 
constant circulation of water is maintained, and no part of the water in the tanks can be 
still or cooling, nor can the tanks empty or overflow. The whole is well wrapped up in 
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blanfeets* The other bar is similarly mounted between tanks which are full of cold 
water ; but no current is required, as the observations are made in the cold weather ; this 
is also careftilly covered with blankets. With respect to the interchange of tthe bars 
under the microscopes, this is effected with all desirable rapidity by a piece of mechanism 
whereby each bar (with its appendage of plank, tanks, and water) is simply rolled away 
from or up to the microscopes ; thus the observers do not have to encounter the weight 
of these masses. Thus arranged the comparisons of a hot and cold bar are effected with 
almost as much facility as the ordinary comparisons. 

The coefficients of expansion obtained from 6500 micrometer and thermometer 
readings for the four bars are — 

Bailt’s metal 0-0000098277+0 0000000057. 

Steel Is ... . 0-0000063478+ 0-0000000056. 

Wrought-iron OI, . . . . 0-0000064729+0*0000000031. 

Wrought-iron 01, ... . 0-0000064773+0 0000000033. 

The Indian bars were heated up to verj- nearly, but not quite 100°. 

ProhabU Errors of Observation. — The quantities measured by the micrometers in the 
observations just specified are large, and require a very accurate knowledge of the values 
of the screws. The values for the two microscopes H and K are, expressed in millionths 
of a yard, 

H : one micrometer division .... 0*79566+ -00008 
K : „ „ .... 0-79867+-00009 

These were obtained from repeated measurements of a space of of an inch on F, 
the scale being readjusted to focus each measurement. There is no appearance of per- 
sonal error in the observations (of three observers) from whence these values are deduced. 
It appears that the probable error of a single measurement of a space of n thousand 
divisions, m bisections on each line being supposed, is 


for H . . 



+0*072/1® micrometer divisions, 


The greatest space measured by either of the microscopes in the expansion experiments 
was 1100 divisions; and m being =2, the probable error of the measure would be 0*43 
or 0*49 of a micrometer division, according to the microscope used. The probable error 
of a single bisection by either of the observers is about +0^*316. 

The Standard Foot, and its subdivisions . — The length of this foot F in terms of Y 55 was 
determined as follows : — Four microscopes, H, I, J, "K, were mounted on the stone piers 
at the distance of 12 inches apart, their axes being vertical and their outer foci ih a hori- 
zontal straight line. The two bars lying side by side in their box, F was brought suc- 
cessively under the microscopes HI, I J, J K ; then ¥55 under the microscopes H K 

2a2 
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The resulting value of F from 900 micrometer and 180 thermometer readily extending 
over twelve days, is 

F=JY^~0*36+00066{^-62), (1) 

the probable error, when #=62°, being +0108. The unit to which these small quantities 
are referred is the millionth of a yard. 

The inch lines upon the foot are marked a, c, e,/, y. A, A, #, m, n, ; the inch [a . A] 
is divided into tenths by lines marked 1,2, 3, 4, 5, 6 , 7, 8 , 9 ; the spaces [2 . 3], [ 6 . 7] 
are subdivided into hundredths ; one of the subdividing lines in [ 2 . 3], called the toi^- 
line, is indicated by the letter r ; the metre-line in [ 6 . 7] is known by the letter p«. The 
values of the different spaces, as derived from 8000 micrometer readings, are as follows : — 

[a . 2]= ^+3-71±-063, [a . 8]=A-^+l-65±-070, 

[ffi,r]=^„%^+6-30±-109, [a.i]= j^+0-14+-037, 

[a.3]= A j^-0-20±’064, [a.c]= 2^+l'74±-047, 

[a.4]=^^-0-77+-066, [a.<i]= 3^+l-31 + -038, •. . . (2) 

[a. 6 ]= A^+3'00+-068, [o.e]= 4^+0-84+-051, 

[«.p]=^l+2’08±-086, [o./]= 6^+2-20+-047, 

[ffl.7]=,ij i+l-68±-068. [«.?]= 6^-0-87+-037. 

Tm-feet Standards . — The length of the 10-foot bar 01, was obtained by comparing 
each of the yard spaces on its surface, [a . A], [A . e], \c ./], [f. y], with Y 55 , and the two 
12-inch spaces [5 . c], \_e ./] with the foot F. The results are, at 62°, 

[a.b]= Y„+54*75+0a30, 

[b ./]=|Y,,-23-44±0-219, 

[/.y]= Y,,-10-23+0*156, 

whence the whole length of the bar, by adding these equations is 

OI,=J^Y,,+21*08±0-299 (3) 

The length of the Indian steel standard, obtained in nearly the same manner, is 

Is=¥Y«+70-62+0-250 (4) 

Comparisons have also been made between the following lO-foot bars; 0„ OI„ !», Ig, 
and Ij. (This last is the old Indian Standard B, of which the comparisons between it 
and O, in 1831 and 1846. are detailed in the Account of the Mcamrement of the Lough 
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Foyle Bam'": it is a bar similar to 0„>ut rather lighter. Since 1846 it was for some 
time at St. Petersbui^ in custody of M. Stbute, who compared it with his own standard.) 
The results of the comparisons are these : v 

01,-0,= 18-384;0-26,' 

I,,-0,= 63*28±0-26, 

Ib-O,=195-36±0-26, ■ (5) 

Is- I,= 86'50±0-41, 

Ib- I,=218-58±0-22. 

If from the seven last equations we seek by the method of least squares the most 
probable lengths of the five 10-foot standards in terms of the yard, we get, at 62°, 

22-32, 

Is=¥Y«s-}- 69-38, 

0, =W5»+ 6-17, [ (6) 

l3=i^Y, ,+200-84, 

1. =¥Y„- 17-43. 

These values being substituted in the seven equations, the residual errors are the 
following : — 

+1-24, 

-1-24, 

-1-23, 

+0-93, 

+0-31, 

+0-31, 

-0-31. 

Now these errors are considerably larger than the directly computed probable errors 
of the different sets of comparison ; it is clear therefore that constant error has been 
influencing some or ail the different series. After all, the residual errors are as small 
as could be well expected. As to I,, it appears that at present its relation to O, is this : 

1,-0, = -22-60. 

The difference of the same two bars, as determined in 1831, was — 22-25 ; and in 1847 
it was — 24-03 ; an agreement most satisfactory. 

It appears, then, from the above, that the Ordnance Survey Standard Bar is but very 
slightly in error, being only i7o Vo,b ' 6dl ^^ of its length too great; this corresponds to 
barely 6 feet in the length of this kingdom from Scilly to Shetland ; or to 32 feet in 
the earth’s radius. 

Ordnmwe Tme md Metre, — ^In the toise, each of the yard spaces [a . h\ \h . c\ were 
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compared with the yard Y 55 , and the space [c. d] of 4’74 inches was compared with the 
very nearly equal space [r/*] on the foot F : the result of the compar^ms is 

Y55-|-5*96, 

[5.^3= Y55-4-2'34, 

[p • <^=^feY554-0 16, 
or 

To=36^oY65+S‘45dbO'21, 

both bars being at 62° F. If both be at 61°-25 F., or 16*25 Centigrade, 

To=|f5JY,,+9-17±0*21 (7) 

The yard space on the metre was compared with Y 55 , and the small space with [jl . e] 
on F ; with these results, 

[a.b-]^ Y„- 1-20, 

[i . c]=^Y,-134*25, 
or 

M„c=f|ttY,,-135*45±016, 
both bars being at 62°. If both be at 61°*25 F., or 16*25 C., 

M„=||a§Y,,-135*llirO*16 ( 8 ) 

The length of T^ is the result of 3120 micrometer and 640 thermometer readings ; for 
Mo were made 1680 micrometer and 320 thermometer readings. The observations for 
the former bar occupied thirty-three days, for the latter sixteen days. 

The Toise, 

The unit of length in which by far the greater part of the European geodetical mea- 
surements are expressed, is the toise ; the actual physical representative of this length 
being the Tmseof Peru*, at the temperature of 16°*25 C., or 61°-25 F. This bar, which 
was constructed in 1735 for Messrs. Bocguer and Lacondamot as their standard of 
reference in the operations conducted by them in Peru, is an end measure of polished 
iron, 1*51 inch in width and 0*40 inch in thickness. In order to trace our direct con- 
nexion with this celebrated and important standard, we must refer to two direct copies 
of it made by Fortix, of Paris, one in 1821 for M. Steuve, and the other in 1823 for 
M. Bessel. The authority of the former rests on a certificate of the Bureau des Longi- 
tudes, signed by M. AEAGof, in which he states that he has compared the copy with the 

* We have no precise information as to the present state of this bar, bnt from report it wonld appear that 
at least as far back as 1858 it was so far damaged that comparisons with it were woiihless. For a description 
of the Toise of Peru see ‘ Base du Systeme M^trique Decimal,’ tome lii. pp. 405, 680, and the work entitled 
‘ M^ure des Trois premiera Degree du M^ridien dans PHemisphere Austral,’ par M. de la CoirDAMiSB ; k Paris, 
1751, pp. 75, 85. 

t See * Arc du Meridien de 25° 20' entre le Danube et la Mer Glaciale mesure depuis 1816 jusqu’en 1855 
’ par F. G. W. Stuttve, St. Petersbouig, 1860, tome i. Introduction, p. Ixxiv. 
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of Pbbr aad has found them “perfectly equal” in length. The authority of 
toi^ is stated in a certificate signed by AIM. Arago and Zahetmann*, who 
assert that they have compared the toise constructed for M. Bessel with the'toise of 
Pebu, and have found it too short by irirw ^ “iigne” (the toise =864 lignes). If, 
therefore, we put F, and F* for the length of these two toises at 16°-25 C., and C for the 


length of The Toise 

F.=t: • • • (9) 

F,=C-0'*00080 . (10) 


In Russia the standard to which all their geodetical measures are referred is a bar 
two toises in length, designated N f . Its length was determined from F, : the com- 
parisons are given in M. Struve’s ‘ Account of the Russian Aleridional Arc of 25° 20',’ 
the deduced length of N being, at 16°-26 C., 

N=2F,+0'*01249±0-00070 (11) 

The Russian double toise P, which has been compared at Southampton with two 
lengths of To, is a copy of N ; the difference of the two bars at 16° '25 C. being 

P=N-0'01809±0'00019 (12) 

This bar P has been very extensively used in Russian geodesy. In 1850 it was used 
as the Standard in the Measurement of the Base of Alten, in Finmark, and the next 
year in the measurement of the Base of Ofver-Tomea, in Lapland. In 1852 it was used 
at the measurement of the Base at Taschbunar at the southern extremity of the Russian 
Arc in Bessarabia, and in various other bases for geodetical operations undertaken by the 
Topographical Depot. Subsequently it was used in Eastern Russia. 

M. Struve also compared the Prussian toise Tk, described above, with his normal bar 
N, the result being, at 16°'25 C., 

2T,«=N-0'01421±0'00020 (13) 

The Prussian and Belgian toises T,„, T^ were compared in 1852 by General Baeyer 

with Bessel’s toise. The comparisons will be found in the work entitled “ Compte 
rendu des Operations de la Commission institiiee par M. le Mini sir e de la Guerre, pour 
Halonner les regies qiii ont ite employees ala mesure des bases gMesiques beiges^' 


Bruxelles, 1855. ITie results arej, at 16°'25C., 

T,o=F,-0''00019±0'00011, (14) 

T„=F,-.0''00020±0'00012 (15) 


The difference of these two toises, according to these comparisons, is a very minute 
and inappreciable quantity. It appears, then, that although the very valuable standards 
TiojTij, P, which have been compared at Southampton with To, have not been themselves 
immediately compared with the toise of Peru, yet the connexion with that standard is 

♦ See ‘ Untersuchungen uber die Lange des einfachen Secundenpendels,’ von F. W. Bessel, Berlin, 1828, p. 126. 

t See ‘ Arc du Mmdien de 25° 20' . , . Introduction, pp. xl, Ixxiii-lxxvi, also pp. 36-38. Tbe results 
of M. Steute’s comparisons among different bsu^ are collected in Hie Table, pp. ksiii, Isxiv. 

X See pages 3fi*52 of the work named. 
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sufficiently direct, and judging hy the expressed probable errors, should be very accu- 
rate. Unhappily, however, there is no information as to the precision of the compa- 
risons made by M. Aeago between either F, or F* and the toise of Peru. But it is to 
be remarked that, if we eliminate N and F, between the equations (9), (11), and (13), 
we get 

T,o=C-0^-00086, 

as the result of M. SiEuyiE’s comparisons ; while from General Baeyeb’s, (10) with (14), 

T,„=C-0'-00099, 

the difference between these two entirely independent values of the Prussian toise is 
only O' OOOIS, or less than the six millionth part of a toise. This shows that Akago’s 
assigned lengths of F, F* are at any rate admirably consistent. 

We must now explain how the toises a bouts have been compared with the toise a 
traits. Suppose for a moment a cube of steel, one-eighth of an inch side, its faces 
polished, and a fine dot engraved on one of the faces at about one-hundredth of an inch 
from one of the edges and exactly opposite the middle point of that edge. Suppose the 
toise lying horizontally, and consequently its terminal planes in a vertical position, and 
let a cube as described above be applied against each end of the toise, the face carrying 
the dot being uppermost and horizontal ; then the distance T-fc between the dots when 
so held is about two-hundi'edths of an inch greater than the toise. Next let the cubes 
be placed in contact under the microscope, and the distance a between the dots measured ; 
we shall then, by subtracting this quantity, know the exact length of the toise. But the 
mechanical difficulties to be overcome in this theoretically simple arrangement are found 
to be very great. After numerous experiments in different ways, the following modifica- 
tion was adopted : suppose a sphere of steel, three-quarters of an inch in diameter, to be 
cut by two parallel planes, one-eighth of an inch apart, on opposite sides of and equi- 
distant from the centre. Taking the central segment, let it be laid on a horizontal 
plane, and cut in two along a diameter, leaving two semicircles ; next let these two 
pieces, without removing either of them from the horizontal plane, be placed so that 
their curved surfaces shall come in contact, while their bases or semidiameters are 
parallel and at the maximum distance apart ; then the common tangent plane at the 
point of contact will be a vertical plane, even if there should have been any error in the 
cutting of the sphere, so that one of the planes was nearer the centre than the other. 
Next suppose each of these semicircles to be placed "on and fastened to a carefully 
planed rectangular plate of steel, say 4 inches long, the diameter of the semicircle being 
perpendicular to the length of the rectangle, and the curved surface projecting slightly 
beyond the end of the plate : suppose we have the means of levelling this plate, of 
raising or lowering it small quantities, of giving it a small motion in the direction of its 
length, and also in the direction perpendicular to its length, and lastly of giving it an 
azimuthal movement ; then it is clear that we have absolute command as to position 
over the semicircular pieces. On the upper surface of each semicircle suppose a fine 
line drawn parallel to the base (or perpendicular to the length of the plate), and as near 
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m posiiMe to the curved edge. Next, let the two gemicircles be placed in contact, the 
plates being in the same horizontal plane and their lengths parallel in direction ; the 
semicircles being kept in contact by pressure of a spring. In this position ,the lines 
drawn on the semicircles will be parallel and very close to one another. If we now, by 
the transverse movement only, slightly alter the position of one of the plates, the 
distance of these parallel lines will vary, and there is obviously a certain position in 
which their distance is a maximum ; this occurs when the (vertical) tangent plane to the 
curved surfaces at their point of contact is parallel to the lines. This distance, when 
measured, is that by which the length of the toise is increased when the contact pieces 
are adjusted to its extremities. 

In the actual apparatus, this distance a-, from very numerous observations, repeated on 
various occasions, is found =665‘85db0*108 millionths of a yard. The toise (Prussian 
or Belgian) has been invariably supported on four points 21 ’5 inches apart. For the 
comparisons at Southampton a stout bar of iron, rather more than a toise in length, was 
prepared, canyung on its upper surface four rollers fitted with the necessary adjustments 
for strict alignment ; at each of its extremities it carried a horizontal brass plate to 
which the contact apparatus was attached. The iron bar itself was held at one-fourth 
and three-fourths of its length ; either support being capable of vertical movement for 
focus or levelling. The four rollers on which the toise lay were adjusted to a horizontal 
plane by means of a spirit-level. The contact pieces were held in contact with the 
ends of the toise by spring pressure. To prevent any constant error in the comparisons, 
the contacts were renewed after each comparison, and all the adjustments thrown out 
and re-made as often as possible. 

The number of comparisons between the Prussian toise and To is very large ; they 
extend over twenty-five days, involving 2340- micrometer and 520 thermometer readings. 
The resulting difference of length of the two bars at 61°’25 F. is 

T,„=T„-154-62±0'15. (16) 

In the case of the Belgian toise, the comparisons extend over eight days, and with 
the following result : — 

T„=To-156-33±0*27 (17) 

From these comparisons it would appear that there is a sensible difference between 
the Prussian and Belgian toises, amounting to 1*81 millionth of a yard ; whereas General 
Baetee found the difference only 0*02 ri: 0*40. 

The comparisons of the Russian double toise extend over 14 days, involving 060 
micrometer and 480 thermometer readings. Its length in terms of To is foimd to be, at 
61°-25 F., 

P=2To-321*52±0-31 (18) 

The ten equations (0) . . . (18) trace the connexion between the Ordnance toise and 
the toise of Peru through the intervention of six other bars. If we make the unit for 
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small quantities in the first seven equations the same as in the last three, and put 


F, = C-f a:,, 

C+ar* 

N =2C+ar3, 

P =2t:-f^4, 

Tio= C+a?si 
Ti,= C+aTfo 

T« = C+a^;, . 

these equations, substituted in (9) . . . (18), give the following: — 


(19) 


= 0,1 

^3+ 1-97=0, J 
aTg— 2ar,-- 30*81=0,) 
^4 , — 44*63=0, i 

2ars~ 0^3 -h 35*06=0,1 
^6— 0*47=0,1 

are- 0*49=0, j 

a?3— a?;-!- 154*52=0,) 
^6““ ar7+156*33=0,> 
a:4— 2a:7 + 321*52=oJ 


Comparisons by M . Aeago . 


M. Struve . 


General Baeter . 


Southampton. 


From these ten equations the values of the seven quantities w have to be determined 
by least squares. In doing so we shall not make reference to the probable errors 
attaching to them, as indeed they are not all known, butiregard them as of equal weight. 
The values of ar, , . . a ^7 being found, and substituted in the preceding equations, give 


F, 

= c~ 

0*07, 

F. 

= c~ 

1*09, 

N 

=2C-h 

30*65, 

P 

=2C— 

14*33, 

T.. 

= C~ 

2*05, 

T„ 

= C- 

2*65, 

X. 

= C4-153-42, J 


( 20 ) 


the weight of being The residual errors of the ten equations are, 


-• 007 ) 

- 0 * 03 ) 

4 - 0 * 32 ) 

- 0 * 95 ) 

+ 0 * 07 / 

— O-Bsl 

- 0 - 26 / 

+ 0*261 


-h 0 - 3 lj 


, + 0 * 35 ) 
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showing that the different series of comparisons are remarkably consistent, and the value 


of the toise most satisfactorily determined ; in fact 

To=C4*153-42+0-30 ^ . ( 21 ) 

Now let T® be eliminated between equations (7) and ( 21 ), and we get 

C=|fMY.s-144*25±0-37 (22) 

Here Y^s is supposed at the temperature 6l°*25. Now the expansion of the yard for 
T Faheekheit is 6 *5145 ; therefore if we wish C in terms of Y 55 at 62^ we must substi- 
tute in the above equation instead of Y^g, Y 55 — 4*886. Thus it becomes 

C=(2*13151201±0*00000037)Ygg, (23) 

which is the length of the toise in terms of Y 55 at 62° Faheeu^heit. 


The Metre. 

The metre being by definition 443*296 “ lignes ” of the toise of Peru, its true length 
as inferred from the above value of the toise, is 

iH=(l‘09362355±*00000019)Y„ (24) 

The result of the comparisons made in August and December 1864, extending over 
eight days, is that 

M=Mo4‘9*98, (25) 

where M is the length of the platinum metre, both bars being supposed at 61°*25 F. 
This equation, combined with ( 8 ), gives 

M=||^^Ygg-.125*13, 

where Y 55 is at 61°*25 ,* but if Y^ be at 62°, 

M=MtfY«-130*47 (26) 

It would appear from what is stated in the ^ Base du Systeme Metrique BecimaV*, 

that the platinum bars which were to represent the metre at 32° F. were laid off from 
the toise of Peru at 16°*25 C. or 61°*25 F., allowance being made for the contraction of 
the bars according to the rate of expansion ascertained by Boeda. At page 326, tom. 
iii. Boeda states his results thus, that the expansion of platinum for one degree Reaumde 
is -g-ilo o ’ According to this, the correction to the length of the platinum metres at 
61°‘25 F. would be or 153*20 millionths of a yard. Hence the supposed length 

of the Eoyal Society's platinum metre at 32° F. would be 

fmY„- 283*67. 

Finally, according to M. AEAOof , this particular metre is too short by 17*59 thousands 

* See tom. iii. p. 681. 

t The only anOiority on this point is the stetement by Captain Katee in the Philosophical Transactions for 
1818, pp. 103, 104. 
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*of a millimetre, or 19*24 millionths of a yard. Adding this, we obtmnfor Ae length of 
the trae metre 

iK=l*09362446Y«, 

the yard being at 62° F. The difference between this result and that derive through 
the Pru^an, Belgian, and Russian toi^s is less than a millionth of a yard. We AaU 
adopt the fir^-determined value, as the probable error of the ^ond is not assignable. 

The Yard. 

From numerous comparisons among different copies of the Standard Yaid, it has been 
found that at 62°, Y 55 is too short by 0*40 ; or if p be the true 

Y^=g-0-40. 

If we substitute this value in our equations we have the following 


Mnal Results. 


Measures. 

Expressed in 
Terms of the 
Standard Yard. 

Expressed in 
inches. 

Inch = A 

Expressed in 
lines of the 
Toise. 

Line— C. 

Expressed in 
MUbinetres. 

Mtllinietre»^ 

1 €%e #a0clr 





l-OOOOOOOO 

36-000000 

405-34622 

914-39180 

! Copy No. 5d of the Yard at its Standard Temperature of 62-00 F. 

0-99999960 

35-999986 

405-34606 

914-39143 

Ordhance Standard Foot 




62-00 

0 33333284 

11-999982 

135 11521 

304*79681 

Indian Standard Foot 

j, 



62 00 

0-33333611 

12-000100 

135-11653 

304*79980 

Ordnance 10.foot Bar 0^ 




62-00 

3-33333717 

120-000138 

1351-15563 

3047*97616 

Oidnaoce 10<foot Bar 01^ 




62-00 

3-33335432 

120-000755 

135M6259 

3047*99184 

Indiaa 10-foot Bar Ig 




62-00 

3-33340138 

120-002450 

1351-18166 

3048-03488 

Indian lO-foot Bar Is 




62-00 

3-33353284 

120-007182 

1351-23495 

3048-15508 

Indian iO-foot Bar 




62-00 

3-33331457 

119-999324 

1351-14647 

3047-95550 

Australian Standud OI 4 

U 



62-00 

3-33330427 

119-998954 

1351-14230 

3047*94608 

Australian Standard 01^ 




62-00 

3-33333747 

120-000149 

1351-15576 

3047*97644 

Or^rance Toiae 




61-25 

2-1316645^ 

76-739925 

864-06219 

1949-17660 

Ordnance Metre 




61-25 

1-09374800 

39-3749-28 

443-34662 

1000-11420 

Royal Stwiety's Metre a traits 




32-00 

1-09360478 

39-369772 

443-28857 

999-98324 

Prussian Toise No. 10 

ff 



61-25 

2-13150911 

76-734328 

863-99917 

1949^3444 

Belgian Toke No. 1 1 


ft 


61-25 

2-13150851 

76-734306 

863-99893 

1949-03390 

Russian Doable Toise P 




61-25 

4-26300798 

153-468287 

1727*99419 

3898-05952 

Cotjie 





2-13151116 

76-734402 

gS-i-OOGOO 

1949-03632 








1-09362311 

39-370432 

4^*29609 

lOOO-OOOOO 


Table of Logarithms for converting Geodetical Distances 


Distances to be inverted. 

Logarithmic multipliers to convert into j 

Feet. 

Metres. J Toises. 

Dlataoe^ given in the “ Account of the 
Piineipdl Triangulation of Great 

Britain” 

Distant^ espressed in Metres 

Distances ezpre^d in Toises ......... 

o-ooooooso 

0-61598894 

0*80500887 

9*48401156 

0*28981993 

9*19419163 

9*71018007 
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XI. The Bakerian Lecture. — Researches on Gun-cotton. — Second Memoir. 
On the SiaUlity of Gun-cotton, By F. A. Abel, F.B.S., V.P.C.S. 


Beceived March 19, — Bead April 4, 1867. 


The earlier of the published researches into the composition and properties of gun-cotton 
were speedily followed by accounts of the spontaneous decomposition which the substance 
was, in many instances, observed to undergo upon more or less protracted exposure in 
confined spaces to strong or difiused light. These indications of instability, in conjunction 
with the occurrence of several serious explosions during the manufacture of gun-cotton 
in France and England, afforded apparently good grounds for the general conclusion, — 
arrived at within a brief period after the announcement of Schonbeih’s discovery, and 
adhered to until quite recently in all countries except Austria, — that this remarkable 
explosive agent did not in itself possess the quality of uniform permanence essential to 
its safe manufacture, or to its employment with any degree of security from accident, in 
warlike or industrial operations. 

It is unnecessary to refer in detail to the results of the numerous observations pub- 
lished before 1860 upon the nature of the spontaneous changes which particular speci- 
mens of gun-cotton had suffered. In the brief prefatory review of published investigations 
upon the production and composition of gun-cotton, contained in the paper on those 
subjects which I communicated to the Koyal Society last year, it has been shown that 
the products obtained by individual operators in submitting cotton to the action of 
nitric acid varied greatly in composition, and that, with only one or two exceptions, 
these could not be viewed as representing the definite substance producible by the most 
complete action at a low temperature of a mixture of the strongest nitric and sulphuric 
acids upon purified cotton-wool (or nearly pure cellulose). The behaviour and results 
of the decomposition of such specimens, or of others of more recent date prepared (for 
lectures or similar experimental purposes) without special regard being paid to their 
composition or purity, afford but little information that can be accepted as bearing upon 
the question of stability of gun-cotton when produced by a system of operation which is 
now known to furnish uniform products in a condition of compai-ative purity. 

There can be no question that the variations in composition of the different specimens 
of gun-cotton, the decomposition of which has received investigation at different hands, 
exerted a most important influence upon the period for which they withstood the 
destructive effects of heat and light, and upon the degree of rapidity with which chemical 
change, when once established, proceeded fr om stage to stage. The products of change 
described by different observers have also varied somewhat in their characters, partly 
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on account of the variations in the gun-cotton itself*, and paitly because different expe- 
rimenters have examined the products of its metamorphosis at different stages. 

The accounts published by De Luca, Bonet, and Blondeau, between 1861 and 1866, 
of their investigations into the changes which gun-cotton undergoes spontaneously, 
include nearly all the results previously described in one or other of the published 
papers on this subject. 

The following is a general statement of the changes which gun-cotton, preserv^ed in 
bottles partly or perfectly closed, has been observed to undergo by exposure to light, 
and of the nature of the products of decomposition. 

In the first instance nitrous vapours make their appearance, the atmosphere in the 
vessel becoming sometimes of a deep orange tint. The gun-cotton acquires considerable 
acidity, exhibits a peculiar pungent odom*, and gradually contracts, so that it eventually 
c'ccupies only a small proportion of the original volume. During this period a consi- 
derable proportion of nitric acid accumulates in the mass, and the decomposition proceeds 
after a time with increased rapidity, especially if the vessel be exposed to sunlight. The 
contracted gun-cotton gradually becomes more or less friable, its explosiveness is notably 
reduced, it yields a highly acid extract to water, in w'hich, besides nitric acid, small pro- 
portions of glucose, of formic and oxalic acids, and of cyanogen have been detected. The 
material sometimes contracts to such an extent as to form a very compact somewhat hanl 
mass, but in general it ultimately passes over with more or less rapidity into a brownish 
gum-like mass, which at first is rendered very porous by the evolution of gas-bubbles, 
and which becomes lighter in colour and friable after a time. This ultimate product of 
the decomposition of gun-cotton has been found to contain glucose and oxalic acid in 
considerable proportions, besides a gum-like substance, formic acid, cyanogen, and an 
organic acid which by some observers is considered to possess novel characters, while 
Divees believes that he has identified pectic and parapectic acids in the product of a 
decomposed specimen*. The amorphous mass has also been found to evolve ammonia 
when heated with a solution of potassic hydrate. 

In some instances the gun-cotton is described as having undergone other intermediate 
changes, but the greatest discrepancies exist between the observations of even the most 
practised experimenters reganiing the periods within which the decomposition of gun- 
cotton has become manifest, and the conditions under which the changes have occurred. 

* The observations of Biteiis regarding the occurrence of the pectic acids among the products of decompo- 
sition of gun-eotton, have been confirmed by the results of examination of a very largo number of specimens 
obtained by the decomposition of gun-eotton at high temperatures under various conditions. The reactions of 
pectic and of para- and meta-pectic acids have been so frequently obtained that these substanees m^t be 
regarded as general products of the gradual decompositioa of gun-cotton. On the other hand, alfiiough the 
m(K»t careful search has frequently been made for glucose, only two instances of its existence were established 
by the fermentation test. It appears probable that the reduction of cupric salt from an alkaline solution h^ 
m many instances been accepted as a sufficient indication of the presence of glucose, while, in reality, this 
reaction has been furmshed by the pectic acids produced. Small quantities of cyanogen have on several oixasions 
been detected among the pr«iucts of very ^dual decomposition of gun-eotton by heat. 
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In some instances the first signs of decomposition were observed after exposure of the 
gun-cotton to daylight for several years, in others a few days’ exposure sufficed to establish 
the change. Some observers state that the material has been preserved in the dark for 
very protracted periods without change, others (e.g. quite recently De Luca and Bloxdeau) 
show that, even in the dark, gun-cotton undergoes decomposition within a comparatively 
short period. Such conflicting observations aflbrd convincing proof of great variations 
in the composition or degree of purity of the materials experimented upon. 

The exposure of gun-cotton to heat has. by most observers, been found to accelerate 
its decomposition considerably ; but here again great discrepancies are presented by dif- 
ferent accounts of the behaviour of the material under the influence of diflerent tempe- 
ratures ; thus, its spontaneous explosion has been brought about in some instances by 
brief exposure to a degree of heat which, in others, has only produced a comparatively 
very’ gradual decomposition. 

The most interesting and important of recent observations upon the influence of heat 
on the stability of gun-cotton are those described by Pelouze and Mauet in their recent 
report upon Baron Von Lenk’s system of manufacturing gun-cotton, and upon the com- 
position and properties of the products which it furnishes. They describe a number of 
results obtained with specimens of gun-cotton which, it is to be inferred, were all pro- 
duced according to Von Lena’s directions, and which, therefore, provided these were 
strictly adhered to, and such an adherence ensured the uniformity of the products, should 
have furnished reliable data regarding the powers of purified gun-cotton to resist the 
destructive efiects of heat. The principal results arrived at by Pelouze and Mauet are 
as follows: they found that all specimens which w^ere heated to lOO'^ C. became decom- 
posed in more or less time ; a few minutes’ exposure to that temperature sufficed in e^ ery 
instance to determine the evolution of nitrous vapours. They describe the results of de- 
composition as susceptible of variation at will ; either the gun-cotton might be brought 
to explode, or the various forms of decomposition already described by other chemists 
might be established ; or finally, it might be made to furnish simply a small black residue 
presenting the appearance of carbon, from which ammonia might be disengaged. Iden- 
tically the same results were obtained by exposing specimens of gun-cotton to tempera- 
tures of 90° and 80° C., with this difference, that the phenomena of decomposition, 
instead of appearing in a few minutes, were not exhibited until after the lapse of several 
houi-s. It is further stated that pyroxylin is decomposed at 60° C. (1 40° F.), and even at 
50° C. (122° F.) ; after the lapse of several days dense vapours .filled the vessel containing 
the specimens, but no explosions of gun-cotton occurred in the experiments conducted at 
those temperatures. Great stress is laid, however, upon an instance of explosion which 
occurred with a specimen of gun-cotton prepared according to Von Lene’s process, 
immediately upon its coming into contact with the metal of an oil-bath, the temperature 
of which was only 47° C. (116°-6 F.) at the time. Pelouze and Mauet afterwards refer 
to the instances of spontaneous decomposition of gun-cotton at ordinary temperatures 
observed by other chemists, and to certain specimens, among a number prepared at 
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Bouchet in 1847,wluch tad undergone alterations such as have already been described. 
These were examined for sulphuric acid, and none was detected ; hence the conclusion is 
drawn that these samples had been perfectly washed, and that their spontaneous change 
could not be ascribed to imperfect purification. It is argued that instances of change 
have been observed to occur under ordinary atmospheric conditions, similar to those 
established in gun-cotton at higher temperatures ; that, because exposure to the latter 
had occasionally brought about spontaneous explosion, it is possible for instances of 
spontaneous decomposition at ordinary temperatures to result in explosions, and that, 
consequently, it is right to conclude that the storage of large quantities of gun-cotton 
is attended by great risk of explosion. In further support of this conclusion the obser- 
vations are recorded, that the most perfectly washed gun-cotton becomes acid by long 
exposure to sunlight; that some pyroxylin, which was alkaline at first, after exposure 
for several weeks to light, in contact with the sides of a glass fiask, exhibited an acid 
reaction ; and that, even when gun-cotton is preserved in the dark, this acidity imuriably 
becomes manifest in course of time. Finally, without referring to any single instance in 
which an explosion or even an appreciable development of heat has been observed as 
resulting from protracted exposure of gun-cotton to strong daylight or sunlight, PfiLOUZE 
and Maury conclude that the indications of gradual decomposition furnished by certain 
specimens of gun-cotton under those conditions, are sufficient proof of the liability of 
this material, as now manufactured, to explode spontaneously, when stored in considerable 
quantities. 

The researches into the manufacture, composition, and properties of gun-cotton, upon 
which, as a member of the Government Gun-cotton Committee, I have been engaged 
for nearly four years, have included, from their very commencement, careful observa- 
tions and a great variety of experiments, with both small and large quantities of mate- 
rial, bearing upon the influence exerted by light and heat, and by various modifications 
introduced into the system of manufacture, upon the stability of gun-cotton produced 
in accordance with the general directions laid down by Von Lexk. It is obvious that, 
although most of these experiments have furnished veiy decisive results within a com- 
paratively brief period, there are others which become the more valuable and the more 
fully conclusive in their character, the longer the period of their duration. It is con- 
sidered, however, that the data which even the latter class of experiments has already 
furnished possess sufficient scientific interest and practical importance to warrmit their 
present publication, in addition to those obtained by numerous experiments instituted 
with the view to ascertain whether and to what extent the results of researches recently 
published in France upon the spontaneous changes of gun-cotton, apply to the material 
manufactured in this country during the last four years. 

The experiments and observations carried on at Woolwich may be classed as having 
for their objects, — 

(a) The determination of the influence of light and of long protracted storage, under 
ordinary conditions as to temperature, upon the stability of gun-cotton ; 
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i}) The investigation of the behaviour of gun-cotton upon exposure, under varied 
conditions, to artificial temperatures, and to such elevated natural temperatures as are 
occasionally experienced in particular localities ; ' 

(c) Tbe examination of the influence exerted upon the stability of gun-cotton by 
special modes of preparing and preserving it. 

A few observations have been made upon specimens of gun-cotton which either were 
prepared by myself or came into my possession previous to the commencement of the 
present inquiiy, but all actual experiments have been instituted with samples of products 
of manufacture obtained at Hirtenberg, Stowmarket, and Waltham Abbey, some modi- 
fications having been introduced, in special instances, in the ordinary system of opera- 
tion at the last-named manufactory, with the view to ascertain the nature and extent of 
their influence upon the stability of the product. 

Paex I.— action or LIGHT UPON GUN-COTTON. 

The want of uniformity in power to resist the destructive action of light, exhibited by 
different specimens of gun-cotton with w'hich chemists have experimented, has been 
additionally exemplified by the behaviour of numerous specimens of gun-cotton which 
have from time to time come into my hands or were prepared by me, pre\ious to 1862. 
I will limit my notice of such specimens to two examples. 

In the autumn of 1846 a small quantity (one or two pounds) of gun-cotton was pre- 
pared by me at the Iloyal College of Chemistry according to the directions which had been 
made public in Germany a short time previously. The product, which was insoluble 
in mixtures of ether and alcohol, was obtained by immersing carded and purified cotton- 
wool of very high quality for a few minutes in the prescribed mixture of nitric and 
sulphuric acids, afterwards exposing it for several hours to a current of water, then 
digesting it in a cold dilute solution of potassic carbonate, and finally washing it in pure 
water. The larger proportion of the product was gradually expended in lecture-expe- 
riments, but a specimen has been preserved by me up to the present time. For sixteen 
years it was simply enveloped in paper and kept in a drawer much used ; at the expi- 
ration of that period, when it was found to be perfectly unchanged, not exhibiting the 
slightest acidity or odour, it was transferred to a stoppered bottle, in which it has been 
since exposed to diffused daylight for four yeai's. This specimen still remains perfectly 
unchanged. 

Me^rs. Hall of Faversham had the goodness, about three and a half years ago, to 
disinter at my request a sample of a large quantity of gun-cotton manufactured by them 
in 1847, and which they buried upon the occurrence of the disastrous explosion at their 
works in that year. This sample was much discoloured when received, but the fibre 
was strong, and the material did not appear to have undergone any change. Its explo- 
sive properties were, however, considerably inferior to those of gun-cotton prepared 
according to Schonbein’s or Von Lenk’s directions; and, upon analysis, it furnished 
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results correspondmg very nearly with those required by the formula H 23 Oj 5 TNO 2 , 
the compound C, or collodion gun-cotton, of which the composition vms determined by 
Hadow. It was, moreover, readily soluble in a mixture of ether Mid alcohol, and 
furnished a good collodion-hlm. It is most probable, therefore, that a deficiency in the 
strength of the acids employed in its production had led to the mami^cture, in this 
instance, of soluble and less explosive gun-cotton by Messrs. Hall. A specimen of this 
materigd, after having been very carefully washed, was dried and enclosed by me in a 
stoppered bottle, in which it has remained exposed to diffused daylight for upwards of 
three years. A piece of litmus-paper, enclosed with the gun-cotton, exhibited faint 
signs of reddening mthin three months after the first exposure, and within twelve 
months it was bleached. At this time the gun-cotton possessed a faint but decided 
cyanic odour ; no nitrous vapours were perceptible within the bottle, either then or at 
any more recent period up to the present time, though the odour of the gun-cotton has 
now become more pronounced, and is indicative of nitrous acid. The substance has 
at present a marked acid reaction ; it has not as yet altered either in explosiveness, 
'Strength of fibre, or other properties, but the odour and slight development of acid are 
undoubted indications that the material which for sixteen years was preserved in a 
moist condition in the dark without any apparent change, has during three years’ expo- 
sure to light furnished slight indications of spontaneous change. It was a specimen of 
gun-cotton prepared by Messrs. Hall in 1847, and preserved .by PgRcnr since that year 
in a stoppered bottle, exposed to light, which had gradually become converted into a 
light-brown semifluid gum-like mass, described by Hofmaj^n as having exhibited all the 
properties of ordinary gum, and as being interspersed with crystals of oxalic acid. It 
is therefore not improbable that the specimen of Messrs. Hall’s manufactui*e above 
referred to may, by long-continued exposure to light, eventually furnish more im- 
portant indications of spontaneous change than have hitherto been developed in it. 

There caii be little doubt that the quality of cotton operated upon by Messrs. Hall 
in the production of the specimens above referred to (and certainly in the instance of that 
examined by me), was considerably inferior to that of the material employed by me in 
1846, and the character of the gun-cotton produced demonstrates that the conditions 
.essential to the production of the most explosive material were not fulfilled by the method 
of manufacture pursued by those gentlemen in 1847. It is equally certain that the great 
importance of as complete a purification as possible of the cotton employed and of the 
product obtained was not fully recognized at that period, and that consequently, although 
a small laboratory operation carefully conducted according to the prescribe! directions 
might furnish a pure product of great stability, the operatiems of manufacture had not 
been established with the precision es^ntial to the attainment of satisfactory results. 

The following are the results obtained up to the present time by exposure to light, 
under various circumstances, of gun-cotton prepared and purified according to Von 
Leak’s directions. 
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B^posare to stroi^ daylight and to sunlight, either in the open air or in confined 
spaces for a few days (two to four), developes in the gnn-cotton a \exj faint aromatic 
odour; and if litmus-paper be allowed to remain in close contact with the confined ma- 
terial, it acquires a ro^-coloured tinge similar to that produced by carbonic acid, and 
recoyers its ordinal colour after brief exposure to air. If, after exposure to light in 
open air for some days, the gun-cotton be placed in the dark, in cases which are not air- 
tight, the odour becomes gradually fainter, and the effect upon litmus-paper slighter ; 
if the packages containing the gun-cotton are air-tight, the odour and action upon 
litmus do not increase during storage for several years (the actual experience gained at 
Woolwich extends over nearly four years). 

If the gun-cotton be exposed for protracted periods to daylight with free access of 
air, it speedily loses all odour and power of affecting litmus. If exposure to diffused 
daylight in confined spaces be continued, the first results of the action of light are, of 
course, retained ; but up to the present time no single indication of their increase has 
been observed ; indeed, the very faint acid reaction described, which was developed at 
first, has frequently disappeared, probably in consequence of the neutralizing action of 
small quantities of earthy carbonates contained in the gun-cotton. 

But if the material be exposed continuously in a perfectly confined space to the action 
of sunlight or strong daylight, it furnishes, after a time, much greater evidence of change 
than that already described. The acidity gradually becomes more manifest ; the odour 
increases, and becomes in time somewhat pungent and indicative of the presence 
of very small quantities of nitrous acid; and litmus-paper, if confined in the vessel 
witli gun-cotton thus exposed, becomes entirely bleached after two or three months. 
Although specimens of gun-cotton always undergo some spontaneous change under 
these very special circumstances, the decomposition proceeds with extreme slowness; 
and the results of the observations instituted by me are, therefore, in this respect quite 
at variance with those recently published by De Luca, who states that the specimens 
operated upon by him decomposed upon exposure to sunlight, some on the first day of 
the experiment, others after several days’ exposure. 

The following account of special experiments instituted with gun-cotton manufactured 
at Waltham Abbey, will serve to illustrate the rate and nature of the decomposition 
suffered by this material when exposed to the action of sunlight in confined spaces. 

Experiments 1 and 2. — 16 '37 grms. of air-dry gun-cotton were introduced into a 
large bulb blown at the extremity of a barometer tube of 10 millims. internal diameter, 
the length of which below the bulb was 812 millims. The bulb-tube was supported 
with the open extremity dipping into mercury. 

1 9T2 grms. of the same gun-cotton were placed in a bulb-tube with a stem of the same 
length. The extremity of this tube was also dipped into mercury ; but a small quantity 
of water was afterwards passed up into the end of the tube, so that the gun-cotton 
in the bulb might receive the maximum proportion of moisture which it was capable 
of absorbing. On the 20Bi of October, 1863, these two samples of gun-cotton were 
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placed in a very exposed, position out of doors in front of a brick wall, where sunlight 
had access to them during the greater part of the day ; moreover, during the summer 
months, the heat radiated from the wall immediately behind the bulbs was considemble. 
The appearance of the gun-cotton and of the atmosphere in the bulbs was carefully 
examined periodically, but the former retained its original appearance, and no colora- 
tion by nitrous acid was ever observed in the latter. On the 1st of December, 1864 
(more than thirteen months after the commencement of the experiments), the tube 
enclosing the gun-cotton in a moist atmosphere was accidentally broken. The contents 
of this bulb were therefore removed and examined. The gun-cotton was found to have 
a powerful acid reaction and a somewhat pungent odour, its fibre had become tender, 
but its explosiveness had not sustained any important diminution. The aqueous solution 
yielded upon evaporation only a very small amorphous residue, which consisted partly 
of alkaline and earthy salts derived from the gun-cotton. By exhausting one gramme 
of the material with water, neutralizing the solution with sodic carbonate and concen- 
trating by evaporation, abundant evidence of the presence of nitric acid was obtained. 
The aqueous extract acquired a yellowish colour upon addition of potassic hydrate, and 
a small quantity of cupric salt added to the alkaline liquid was reduced when heat was 
applied. 

After treatment with water the gun-cotton furnished about 18 per cent, of matter 
soluble in a mixture of ether and alcohol. The solution, upon evaporation, did not 
furnish a tough film, but a homy brittle residue, which contracted and split up into 
small particles upon complete desiccation. This residue was explosive, and appeared to 


possess the characters of the lowar nitrocellulose, €jg 



The acidity of the 


gun-cotton was determined in 5 grms. of the specimen, and w^as found to correspond 
to 2 per cent, of HXOj. 

A portion of this altered gun-cotton was placed in a stoppered bottle immediately 
upon removal from the bulb, and set aside in a cupboard to which light had imperfect 
access. After the lapse of two years (upwards of three from the commencement of the 
experiment) the specimen was again examined. Upon opening the bottle a faint odour 
of nitrous acid was perceived. A number of small very hard crystals were found firmly 
attached to the glass ; and similar crystals were interspersed through the material itself, 
which still retained the appearance of the original gun-cotton, having, however, con- 
tracted to some extent. On removal from the bottle it was found to be quite pulverulent ; 
it speedily attracted moisture from the air, passing over into a very adhesive mass ; it 
was soluble in water ; the solution, which was turbid only from suspended mineral 
matter, reduced cupric salts abundantly, and gave the reactions of parapectic acid, but 
was not found to contain glucose. 

A portion of the specimen of air-dry gun-cotton u hich had been enclosed with ordi- 
narily dry air in a bulb-tube at the same time as the sample just referred to, was also 
examined after it had been exposed for thirteen months, the remainder bemg left in 
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the hiilb, and its exposure continued for a further period of two years. The effects upon 
this specamen of more than one year’s exposure in a confined space to strong daylight, 
frequent sunli^t, and considerable heat radiated from the wall during the summer 
months, were as follows : — the gun-cotton had a somewhat pungent odour, in which, 
howcTer, nitrous acid could not be recognized ; its reaction was decidedly, though not 
powerfiiiiy, acid ; the strength of its fibre and its explosiveness had not become affected. 
By exhaustion with boiling water it furnished a somewhat acid liquid, which contained 
a very small quantity of organic matter ; a yellowish tinge was imparted to it by addition 
of potassic hydrate, but it did not reduce cupric salts. 

After treatment with water, the gun-cotton was carefully exhausted with the usual 
mixture of ether and alcohol, and was found not to furnish a higher proportion of extract 
than the original material. 

The remainder of this sample, after further exposure in the bulb-tube for two years 
{^, e. upwards of three years from the commencement of the experiment), had not altered 
in appearance, and was found to be in the following condition. 

There was scarcely any perceptible odour in the tube on removing the extremity from 
the mercury' ; and the gun-cotton itself, when extracted from the bulb, had decidedly less 
odour than when examined two years previously. 

It was still highly explosive, and the toughness of its fibre had very slightly diminished. 
Water extracted only 1*3 per cent, of soluble matter; the extract had a faint acid reac- 
tion ; a minute quantity of nitric acid was detected in it, but no oxalic acid ; and it exerted 
to a very slight extent a reducing action upon cupric salts. The gun-cotton yielded 2 5 '5 
per cent, of soluble product to the mixture of ether and alcohol 

Experiments 3 and 4. — It was considered very probable that the gradual metamorphosis 
sustained by gun-cotton upon exposure to sunlight w^ould be attended by the disengage- 
ment of gaseous products, and that the rate of generation of these might furnish an 
indication of the comparative rapidity with which different specimens were affected. 
With this view two bulb4ubes, similar to those used in the experiments just described 
(the stems being 812 millims. long and 10 millims. in diameter), were respectively charged 
with 15 grms. of air-dry gun-cotton of the same manufacture as used in the preceding 
experiments. These tubes w'ere then carefully exhausted over mercury, by means of a 
long narrow gla^ tube inserted into them, and extending from the mouth of the tube to 
within the bulb. The column of mercury in each tube was thus raised to within 16 
millims. and IT millims. of the height of the barometer. A small quantity of water 
was afterwards pa^d up into one of the tubes, so as to form a layer upon the mercury 
S’6 millims, in height. These bulb-tubes were exposed in the middle of October 1863, 
side by side, in the position already described. 

During exposure to light for the first four (autumn and winter) months, the depression 
of tile mercury was not considerable in either instance, but it was nearly twice as great 
in the bulb-tube which enclo^d water as in the other (88 millims. in the latter and 
31 millims in the former). During the next six months (from spring to autumn) the 
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depression was more considerable ; but at tlie expiration of twelve months' exposure to 
strong daylight and sunlight, it was only 115 millims. in the dry bulh-tube, and 220 
milbins. in the bulb-tube enclosing water. During the ensuing winter months the 
development of gas was again very trifling, though it continued to be greater in the 
tube which enclosed water. After two years’ exposure to light the mercury was expelled 
from this tube, but the depression of the mercury in the dry tube amounted only to S40 
millims., and after the third year’s exposure the extent of depression in the latter was 
660 miHiffis. Neither of the specimens had undergone any alteration in appearance 
after exposure for three years and four months. They were then removed from the 
bulbs, and the following w^ere the results of their examination. 

Gun-cotton from the dry tube. ' Gim-cotfon from the tube which 

i enclosed water. 

Slightly altered in explosiveness and | Not greatly changed in explosiveness or 
strength of fibre. Slightly pungent odour, strength of fibre. Odour more pungent 

0*77 per cent, extracted by water. Aqueous than in the other sample, 1*4 per cent, 

solution very faintly acid, contained a mi- extracted by water. Aqueous solution 

nute quantity of nitric acid, no oxalic acid, faintly acid, contained a small quantity of 

reduced cupric salts slightly : 27 per cent. nitric acid, no oxalic acid, reduced cupric 

of soluble gun-cotton. ' salts: 39*7 per cent, of soluble gun-cotton. 

These foui* experiments show that — 

1. Gun-cotton in an ordinarily diy^ condition undergoes ^ ery slow change indeed when 
freely exposed in closed vessels (either containing air or with air excluded) to strong 
daylight and to the light and heat of the sun, the efiects upon the material, during 
upwards of three years’ exposure, being to diminish its explosiveness somewhat by the 
reduction of a portion of the trinitroceUulose to lower cellulose-products. The material, 
when purified by wnshing in alkaline water after this very severe exposure to light, is 
still gun-cotton possessing useful explosive properties, and exhibiting no greater tendency 
to change than the original material. 

2. If the space in which the gun-cotton is enclosed be kept saturated with aqueous 
vapour, the substance undergoes decidedly more rapid and considerable change, though, 
even under these circumstances, gun-cotton prepai'ed according to the system now in use 
is much less rapidly decomposed by severe exposure to light than has been the case with 
specimens of gun-cotton previously experimented upon. 

Samples of gun-cotton which had been submitted to a less perfect purification than 
usual, afibrded indications of being somewhat more I'apidly affected by prolonged expo- 
sure to strong daylight and sunlight. 

Experiment 5. — ^A quantity of gun-cotton, after removal from the acids, was exposed 
to the purifying effects of flowing water for one day only, and was afteiwards submitted 
to treatment with the hot alkaline bath as usual. 19*85 grms. of this mnple were 
introduced into a dry bulb-tube from which the aii* was exhausted over mm*cury, an4 
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were then exposed to light, and occasionally to radiated heat, in the locality selected for 
th^e experiments. For the first few months the depression of the mercnry-colnmn was 
only Tery slight; in seven months it amoimted to 15 millims. ; after that peridd (during 
bright spring weather) it became more considerable, being 155 millims. after ten months’ 
exposure. During the following year the depression of the mercury continued steadily ; 
in one year and nine months it amounted to 497 millims. ; and at the expiration of the 
three folloAving months (about two years from the commencement) the mercuiy was 
expelled from the tube, a result corresponding to that obtained with the gun-cotton 
confined with aqueous vapour. After exposure for 2^ years the condition of the gun- 
cotton was as follows : it had a somewhat pungent odour, its explosiveness and strength 
of fibre were slightly reduced ; water extracted 0*6 per cent, of soluble matter; the 
solution had a slight acid reaction, contained a small quantity of nitric acid, no oxalic 
acid, and reduced cupric salt to a slight extent. The proportion of soluble matter 
amounted to 27 per cent. 

Experiment 6. — A sample (19*8 gnus.) of gun-cotton which had been submitted to 
long-continued purification in flowing water, but had not been digested in an alkaline 
bath, was exposed to light in a dry globe, like the other specimens, and by the side of it 
was placed another globe containing an equal quantity of the same gun-cotton, but 
covered with black calico, so as to have light excluded from it but to be subject to the 
effects of considerable heat during summer weather. After the first six (autumn and 
winter) months’ exposure, the depression of the mercury-column in the perfectly exposed 
tube amounted to 51 millims. (being therefore considerably greater than in the case of 
the specimen washed with alkali). During this period the gun-cotton in the dark globe 
exhibited no signs of evolving gas. After nine months’ exposure the depression of mer- 
cury in the uncovered tube amounted to 320 millims. (against 155 millims. in ten months 
produced by the sample which had been washed in an alkaline bath). Tlie covered 
bulb-tube which had been frequently exposed to the heat of the sun during the spring 
months, exhibited at this time a depression of 38 millims. After the expiration of twelve 
months the depression of the mercury-column in the perfectly exposed tube amounted 
to 585 millims. , and the mercurj* was completely expelled from this tube after the lapse 
of sixteen months. 

Although, however, gas had been more rapidly disengaged from this tube than from 
the one referred to in the previous experiments, the change which the gun-cotton had 
sustain^ at the expimtion of about 2^ years was not as great as that observed in the 
specimen *\yhich had been treated with the alkaline bath but washed for a short time 
only. The specimen had only a very faint odour, its explosiveness and strength had not 
undergone any appreciable change ; water extracted only 0*3 per cent, of soluble matter ; 
a trace of nitric acid was detected in the extract, but no oxalic acid and no reaction upon 
cupric salts could be obtained. The proportion dissolved by ether and alcohol amounted 
to 16 per cent. 

Neither of these specimens, in the preparation of which the complete system of puri- 
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fication had not been pnrsned, were found to be as injuriously affected by the very severe 
exposure as was anticipated. The specimen which had been exposed in the blackened 
bulb has up to the present time exhibited but slight indications of change (by develop- 
ment of gas), and only when the heat radiated upon it from the wall behind, and absorbed 
from the sun’s rays, has been very considerable. It has not been disturbed for examina- 
tion, as there is no reason whatever to believe that it would differ in any respect from 
other portions of this imperfectly purified sample which have been preserved in the dark 
in well-closed boxes, and which only exhibit a slight acidity after 2 J years’ preservation. 

Experiment 7.--A sample (19*8 grms.) taken from, a large quantity of gun-cotton 
which, for puiposes to be hereafter described, had been impregnated with 0‘5 per cent, 
of sodic carbonate, was exposed to strong light in the same way as the preceding speci- 
mens. During six months (between August and March) only a very slight indication 
of alteration was obtained; the depression of the mercury amounted to 15 milliins. at the 
end of that period. Soon afterwards gas was more abundantly evolved, the depression 
amounting to 183 miilims. after ten months’ exposure. After eighteen months’ exposure 
the amount of depression was 324 miilims., which had increased to 432 miilims. when 
the sample had been exposed for two years. After the lapse of 2^ years the mercury 
had not been entirely expelled from the tube. The gun-cotton was not altered in 
appearance or toughness of fibre, nor did it exhibit any appreciable diminution of 
explosiveness. It had a slight odour and faint acid reaction; the aqueous extract 
amounted to 1*5 per cent, (a portion of which was due to soda) ; it contained no oxalic 
acid, a small quantity of nitric acid, and reduced cupric salt slightly ; ether and alcohol 
extracted 10 per cent, of soluble matter. This sample had therefore suffered less 
change than any of the others. The disengagement of gas was manifestly due in part 
to the decomposition of the sodic carbonate, by small quantities of acid developed after 
a time by the exposure of the gun-cotton as described. This sample, after having been 
washed in water, exhibits no difference whatever in character from specimens of freshly 
prepared gun-cotton, in which the proportion of soluble cellulose-products is above the 
ordinary average. 

The observations made in experiments 1-4, that the preservation of gun-(X)tton in an 
atmosphere saturated with moisture rendered it somewhat more prone to alteration by 
long-continued exposure to light, have been confirmed by other experiments still in pro- 
gress, in which known quantities of moist and wet gun-cotton are exposed to Hght in 
confined spaces, in comparison with dry gun-cotton. Thus, in one of these experiments 
43*71 grms. of perfectly dry gun-cotton and 40*046 grms. of gun-cotton in a damp con- 
dition have been enclosed in large stoppered bottles and exposed side by side to strong 
daylight and sunlight. After the lapse of two (summer) months they were carefully 
dried and their weights determined. The sample which had been exposed to light 
saturated with water had lost 0*33 per cent., the weight of the dry sample indicated a 
loss of only 0*02 per cent. They were then again exposed in the wet and dry condition 
for four months ; the total loss in weight of the sample exposed in a wet condition was 
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then found to amount to 0*6 per cent., that of the dry sample only to 0-14 per cent, 
(after six months’ exposure). 

A trifling oxidation at the expense of oxygen in the water, established by the agency 
of sunlight, is doubtless the cause of the slight but decided influence which, under these 
circumstances, water has been observed to exert upon the permanence of gun-cotton ; 
an influence which is quite opposed to that exerted by the presence of water in gun- 
cotton stored in the dark, or exposed to high temperatures, as will be presently demon- 
strated. 

The statement made by De Luca*, that when once decomposition has been established 
in gun-cotton, resulting in the development of nitrous acid, the progress of the change 
cannot be arrested, is not borne out by the results of numerous observations made by 
me. Many specimens of gun-cotton which, by exposure to high temperatures (100° and 
90° C.) or by very long-continued exposure to lower temperatures (50° to 65°), have 
suflered considerable change, resulting in the development of nitric peroxide and of 
other products, have been afterwards preserved in glass bottles, both tightly closed 
and partially open, and freely exposed to light for periods ranging from one to three 
years, without undergoing additional change. In a few exceptional instances, further 
decomposition has after a time been established by the influence of light ; but in those 
the gun-cotton was impregnated to a considerable extent with free (nitric) acid. Such 
specimens, in case they were then thoroughly washed, a slightly alkaline solution being 
employed in their flrst purification, have afterwards not been found, up to the present 
time, to exhibit any greater tendency to decomposition by exposure to light, than the 
original gun-cotton. 

Paet II.— effects of heat FPON OrN-COTTON, 

The behaviour of gun-cotton underexposure even to comparatively high temperatures 
is subject to very considerable modifications, w'hich may be in great measure determined 
by the conditions of treatment. Illustrations of this ivere obtained at an early period 
of these investigations, in experiments instituted with the view to ascertain the average 
temperature at which gun-cotton explodes. 

The following is a summary of the observations made on this head. 

Exploding-point of gun-cotton . — The apparatus employed in the experiments on this 
subject consisted of a small air-bath fitted w ith a thermometer and closed with a mica- 
plate, having a little circular opening in the centre, through w^hich the gun-cotton 
might be introduced, and which was kept closed when not in use. The mode of 
operating was modified in various ways. In the first instance the gun-cotton was combed 
out into a very loose condition, and allowed to rest upon metal in the air-bath. The 
temperature of the latter was then raised very gradually from 15° C. to 204°, or 205 C°. 
When the time occu|)ied in the passage to the maximum temperature was two hours 
and upwards, the gun-cotton did not explode at all (in six experiments), but graduaUy 
* Comptes Eendus, vd. lix. p. 487, 
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became dark brown, quite friable, and deprived of all explosive properties. When a 
considerably shorter time (about one hour) was occupied in the attainment of the maxi- 
mum temperature, the gun-cotton exploded on one or two occasions, but not imtil its 
temperature had reached 205° C. 

In the next experiments, the gun-cotton was employed in very small compact nmsses, 
and, resting upon a wooden support, was exposed to a continuously increasing tempe- 
rature. The passage from 15°C. to the exploding-point ranged in these experiments 
from forty-hve minutes to two hours. 

Temperature at cmnmencement of Experiment =26° C, 


No. of experiment. 

lime occupied. 

Exploding-point. 

8 

Forty-five minutes 

137°-5 C. 

9 

One hour twenty-five minutes 

136” „ 

10 

One hour 

lS7’-5 „ 

11 

One hour 

138”*o ,, 

12 

Two hours 

188” „ 


Another series of experiments was instituted for ascertaining in w^hat particular me- 
tjhanical condition the gun-cotton exploded most readily and at most uniform tempera- 
tiues; and ultimately the material was employed in the form of pieces of loosely- 
twisted strand about 20 millims. long, and its exploding-point was determined by first 
raising the atmosphere of the air-bath to 105° C., then allowing the specimen to fall 
upon a diaphragm of wire gauze in the air-bath, at once increasing the temperature as 
rapidly as possible, and carefully reading the thermometer until the explosion occurred. 
The results of eight observations thus conducted were as follows: — 


No. of experiment. 

Exploding-point. 

13. 

15r-5C. 

14 

151° „ 

15 

151° „ 

16 

150°-5 „ 

17 

150°-5 „ 

18 

148°*5 „ 

19 

151° „ 

19« 

147° „ 

These last experiments, which appear the most trustworthy, indicate that the average 
temperature at which the gun-cotton explodes when in a condition most favourable to 

its rapid heating, is about 150° C. 

In two observations, in which the gun-cotton was 


in a very open condition, the temperature being raised more rapidly than usual, the ex- 
plosions occurred when the thermometer indicated 146° and 143°*5C. ; and in the expe- 
riments preceding these, which were differently conducted, compact gun-cotton being 
exposed to heat for a considerable time, the point of ignition ranged between 136° and 
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1E8°‘5C. ScKEottbb, Eedtei^bacheb, and Schneibee, in their report upon Von Le^^k’s 
gun-cotton, mmtioii that 136° C. is the lowest temperature fixed by Von Ebnek at which 
this material explodes. ' 

EEEECTS UPON GUN-COTTON OF EXPOSUEE TO 100° C. 

PfiLouzE and Mauey, in their accounts of the efifects of heat upon gun-cotton, describe 
several kinds or stages of decomposition as occurring, or producible at will, by its exposure 
to a temperature of 100° C., and state that in every instance they found a few minutes’ 
exposure to that temperature sufficient to produce a disengagement of nitrous vapours. 

A large number of experiments has been instituted with gun-cotton prepared at 
Waltham Abbey and Stowmarket according to VouLenk’s direction, and also with some 
.specimens of Austrian gun-cotton, with the view of ascertaining the effect upon them of 
exposure to 100° C. The gun-cotton was exposed to heat in sealed tubes and in open 
vessels arranged in different ways. Tlie quantities operated upon and other conditions 
in the experiments were varied, as will be presently particularized, the objects con- 
templated being, in the first instance, to examine into the effects of exposure of gun- 
cotton to heat, and. afterwairds, to ascertain if possible by wffiat circumstances those 
effects might be subject to modification. 

The following is a condensed account of the observations made. 

I. Experiments in sealed tubes . — Experiment 20. Air-dry gun-cotton (coarse yarn, ma- 
nufactured in 1863), enclosed in a stout glass tube hermetically sealed, was maintained 
at 100° C. in a water-bath. The tube w’as filled with deep orange ^'apours in about 
three hours. The vapours gradually diminished in intensity, after a time, until the 
gun-cotton was converted into a gum-like mass, the transformation occurring most 
rapidly at the upper end of the tube, where the w’'ater produced during the change con- 
densed and returned, charged with acid, upon the gun-cotton. When the sealed tube 
w’as opened, after continuation of the heat for three or four days (seven hours daily), 
nitric oxide escaped under considerable pressure. Upon closing the tube again, after 
the escape of gas, and continuing the application of heat, the gun-cotton was gradually 
converted into a black pitch-like mass. 

This experiment, several times repeated, aUvays furnished closely similar results. 

Experiment 21. — A tube containing fine gun-cotton thread, manufactured in 1863, was 
exhausted and sealed. After four houm’ exposure to 100° C., it exploded with great 
violence, tearing open the stout copper water-bath in which it was heated. Portions of 
unburned gun-cotton were scattered about. 

Experiment 22. — Another tube, containing some of the same gun-cotton, was opened 
after seven hours’ heating, to allo’jv the gas to escape, and again sealed. On the second 
day, after heatmg for three or four hours, it exploded violently. 

Experiment 23. — ^Several esqperiments were made with perfectly dry gun-cotton, and 
furnished results quite similar to those obtained with the ah-dry material. 

Experiment 24. — Fine gun-cotton thread was introduced into a tube sealed at one 
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end the other extremity of the tube was constricted, then exhausted and filled with 
nitrogen, th^e operations being repeated three times ; the tube was afterwards sealed 
and heated to 100° C. in a water-bath. After forty-fiye minutes faint red vapours were 
observed. In another quarter of an hour the colour of the vapours was very deep ; in a 
short time nitrous acid began to condense in the cool part of the tube. After continuing 
the heat for 1^ hour longer, the coloured vapours had entirely disappeared. The gun- 
cotton had become highly bleached, and in the upper extremity of the tube it was par- 
tially converted into the gummy substance. Nitric oxide escaped w^hen the tube was 
opened. 

Experiment 25. — A Sample of gun-cotton impregnated with about 0*4 per cent of 
alkaline carbonate, was exposed to 100° in an exhausted sealed tube, for the purpose of 
collecting the gases evolved. When the tube had been heated six hours daily for five 
days, it was opened under mercury, and the gas, w'hich escaped under considerable pres- 
sure, collected. The tube was again closed and heated for two days, when gas w'as once 
more collected from it. The experiment was interrupted, after the gun-cotton had been 
further heated for two days, the tube being fractured by the effects of an explosion in its 
’iicinity. The collected gases w^ere found to consist of 50*2 per cent, of carbonic acid, 
4*7 per cent, of nitric oxide, and 45 per cent, of nitrogen. 

These experiments, in which the gun-cotton w’as submitted to the influence of 100° C. 
under the most severe conditions, appear to indicate that nitric peroxide or nitrous acid 
is liberated by the first decomposition of the gun-cotton, and at once establishes a 
further destructive action upon the substance, becoming reduced to nitric oxide, nitro- 
gen being eventually liberated by complete reduction of the latter^. The extent of 
surface of gun-cotton presented to the action of heat, and of the liberated acid, appears 
to exert, as might be anticipated, an important influence upon the change. Exposure 
of fine gun-cotton thread to heat under the same conditions as those which wxu'e safe 
with coarse yarn gave rise to explosions, due possibly to the increased pressure of gas 
in the tubes, but more probably, judging from their great \iolence, to the sudden decom- 
position of the gun-cotton at a particular period. The characters exhibited by the pro- 
ducts of decomposition of gun-cotton obtained in experiments 20 and 24, were similar 
to those already described by other chemists, and have been referred to in the preceding 
parts of this paper. 

II. JEaperimenfs in vessels open to the air . — ^The following experiments, conducted 
with considerably larger quantities of gun-cotton than before employed, were made with 
the '^iew of obtaining, at one time, several distinct data regarding the decomposition of 
gun-cotton at 100° C. Direct evidence was sought of the development of heat in gun- 
cotton upon continued exposure to that temperature. The period was carefiilly noted 
when decomposition w as first indicated by the disengagement of nitrous acid, after com- 
mencement of the experiment. In some instances, the loss of weight sustained by the 
* Similar resaltB were observed in experiment 109. 
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gun-cotton was determined at intervals (e. g. at the close of six hours, or one day’s ex- 
posure to heat), the nitrous acid contained in the vessel being first displaced. 

The vessels employed in these experiments were globe-flasks fitted by meanfe of per- 
forated corks, with long narrow glass tubes, and in most instances with thermometers 
graduated from 100® C. upwards. The flasks were of a size to receive the gun-cotton in 
a compact condition, and the thermometer-bulbs were inserted into the centre of the 
mass. Continuous observations were made in safety during the experiments, through a 
small glass let into a wooden screen, which was placed in front of the water-bath con- 
taining the heated flask. The results obtained are tabulated for convenience of com- 
parison. 

Table I. 


] ' . i Intcrral be- I 

„ »1 Quan- itween first ex- Loss of weight! 

Desenption of i tity Total expo- iposure to 100“ sustained by | 
' gun-cotton, i em- sure to lOlf C ' C , and first i the gun- 

ployed, j signs of de- ! cotton j 

I ! ' ; composiuon j ; 


Temperature observations, 


26 Coarse varn made la a5 20 hours (in 4 hour.s 
! m 1864, Wal- ; 4 days). j 
! tham. j • ! t 


27 ICoarse yam, Wal-| 22 5” SO”* (30 % hours 

! tham | ' minutes on 

I i the second^ 

I ‘ da\ ) ' 


28 Coarse yarn. Wal- 6'5 24 hours (in 8 Lours 
1 tham. ■ 4 days). i 


29 Fine yam, Wal- 6‘5 21 hours (in 3 hours 
' tham 3 dayO- 


Coarse yarn from! 65 133 minutes . *20 minutes 
Hirtenbei^. i j 


31 Coarse yam from 6*5 1 hour ... jlS minutw 

Austria ^another j 

8p«;imen). 


. 1 perct in 6'’,lNot made m this experiment 
I 1291 perct.! 


..The gun-cotton violently ! 

' t soon after commencement of the 1 
] 4tli day’s heating. Xitrous acid ■ 

I was copiously evolved just before j 

I tlie explosion. 


j 13-91 p.c.= i was copiously evolved just oeiore 

I total loU' in ! tlie explosion. 

*8 35 per wnt The thermometer remained almost The evolution of nitrous acid, when 
in 5 hours. stationary during the first 4 j it once commenced, continued 
> ' hours. It then rose continuously' copious throughout the esperi- 

; ' and reached to lOfi® C. in 25 mi-! ment The of the gun- 

! . nutes, when the experiment was cotton was very violent. 

interrupted. On 2nd day, when! 

I the thermometer reached 100 ' C . 

! it continued to rise, within 30 ; 

' minutes it indicated J22“ C , and j 

tlie gun-cotton tiphdtd very 
, shortly afterwards 

23 7 per cent The thermometer did not rise above .Ft *he conclusion of .he experiment 
m 24 hours 10(F C on the first day. On the the sample had contracted some- 
2 nd day.after 14 hour'-, heating. It what, and assumed a brown co- | 

' rose slowly fail it reached 109^ C lour It was qiute fnable, and ' 

It remained nearly stationary at had lost the properties of gun- , 

: ! that point for G hour, and then cotton. ! 

gradually fell to 100= C. towards, 

the close* of the 2ud day No rise, j 

, ' of temperature wa.^ observed on 

I the 3rd and 4th days I l . j i 

30 per cent, m A slight uicrease of temperature was The gun-cofton began to toien on 
21 hours. • indicated at the close of the 3rd the 2.id day At conelumon oi 

, . hour, the highest temperature, expcnmeni it hod OTntracted 

: 110= C , being indicated 3“ 50™ con^iderdbly, ^ 

: after commencing the experiment yielded a considera We proportion 

! Shortlv afterwards the thermo- to water m which the usual pro- 

I meter 'began to fail, after the duets of change were det^ted. 

■ kl«e of I hour It indicated 103= Theresiduew^ nearly ^luble m 

i C., and bad Men to 100°C before alcohol, and wmpletely so m 

I the close of the 1st day. Xo rise ether and alcohol 

[ in temperature was observed on' 

! the 2nd or 3rd days 

‘The thermometer b^gan to rise 25, The gun-eotton CTpkded violently 

mmutes after first exposure, and after S3 minutes exposure to 1 00 
‘ continued to do so very rapidlyj C. 

' UD to the time of explosion | ,, 71.1 

Th/thermometer began to rise 45jThe gun-cotton violently 

, mmutes after first exposure, andl after exposure to UK) C lor one | 

! continued to rise rapidly, indi-j hour | 

I eating 1 29= shortly before fee ex- j 

I plosion. ! ! 


lour It was qiute friable, and ^ 
had lost the properties of gun- , 


expcnmeni ' it hod contracted 
condderaWy, was dark brown, 
ridded a considerable proportion 
to water, m which fee usual pro- 
ducts of change were detected. 
The residue w^ nearly soluble m 
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These results indicate, — 

(1) That suffidently protracted exposure to 100° C. under conditions unfavourable to 
the rapid expulsion of the nitrous add developed by the first action of the'heat upon 
the gun-cotton, ensures the complete destruction of the original properties of this sub- 
stance, and its conversion into a variety of volatile and fixed products. 

(2) That the rapidity and violence of the decomposition resulting from the combined 
action of heat and of the acid generated, is regulated by the quantity of gun-cotton 
operated upon. 

(3) That, as shomi by experiments 28 and 29, conducted with coarse and fine yam 
manufactured in precisely the same manner, the mechanical condition of the gun-cotton 
exerts an important influence over the rapidity of decomposition at 100° (a point also 
indicated by the results of experiments in sealed tubes). 

(4) That a very important difierence may exist between the behaviour of dififerent 
samples of gun-cotton, even if operated upon in precisely the same manner, quantities, 
and mechanical conditions. This is illustrated by comparing experiments SO and 31 
(conducted with Austrian gun-cotton), with experiment 28, and with a considerable 
number (18) of precisely similar experiments instituted with different samples of Wal- 
tham Abbey gun-cotton, in not one of which was an explosion brought about by long- 
continued exposure of equal quantities (6-5 grms.) to 100° C. The two specimens of 
Austrian gun-cotton differed very greatly in composition from all the products of manu- 
facture prepared at Waltham, according to Von Lexx’s system ; and it will be shown 
presently that this circumstance may serve to account for the exceptional proneness of 
these specimens to very violent decomposition under the particular conditions of the 
above experiments. 

It need perhaps scarcely be stated that the temperature-observations in these experi- 
ments (and others still to be described) were instituted more with the view to afford a good 
means of registering the comparative rapidity of decomposition of different specimens of 
gun-cotton operated upon under equal conditions, than with the idea of attempting to 
ascertain the actual moment of development of heat and progressive rise of temperature 
in a mass of gun-cotton. Such observations could only be correctly made with much 
larger quantities of gun-cotton, so confined as to prevent the escape of heat from the 
interior, and are therefore impracticable on the score of danger. A considerable 
number of these thermometric observations, which unquestionably recorded close ap- 
proximations of the actual rise in temperature of the interior of the mass of badly con- 
ducting gun-cotton, showed that, when the temperature passes 110° to 112° C., the deve- 
lopment of heat proceeds w ith great rapidity, so that very speedily the rise of the thermo- 
meter does not keep pace with the heating of portions of the gun-cotton in close proxi- 
mity to it, and therefore the explosion of the mass appears to occur at a temperature 
considerably lower than the actual exploding point of gun-cotton. 

In continuation of the heat-experiments, several samples of gun-cotton from Waltham 
Abbey and Stowmarket, weighing 3 grms. each, in an air-dry condition, were exposed to 
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100° C. in conical assay flasks, into which long quill-tubes were fitted. The following 
results were observed. 

Table II. » 


Number of 
experiment 

Nitrous vapours 

Nature of ifiret observed after 
gun-cotton. 1 commencement of 

1 experiment 

32 

Coarse yam fromTn 5 hours, very 
Waltham Abbey,! faint colour, 
made in 1863. ' j - 

33 1 

1 

1 

Fine yam from In 2 hours, famt ) 
Waltham, madej colour i 

m 1864. ! ' 

34 1 

Fine yam from In 2 hours. j ] 

Waltham, inade| j j 

ml866. 1 ; 1 

35 i 

Medium sized yam, In 1^ hour, vervi' 


Other observations. 


never more than very ikuit, and were no longer visible after the close of the | 
third day’s experiment. At the close of the 6th day the gmi-cotton had j 
scarcely altered in appearance. The specimen w'as destroyed on the 7th day | 
by the explosion of a neighbouring vessel. ” j 

i 

i 

he atmosphere in the flasks was deeply coloured at the expiration of the 6th | 
hour , the experiments were therefore interrupted. ’ 


Waltham, 1864.1 faint colour 


to 100^ C ‘ , 

jThe vessel was filled with deep-coloured vapours after 5 hours’ exposure i 
The experiment was continued on the ne.xt day, when, after further exposure [ 
to 100" C for 4 hours, the specimen exploded I 

Nitrous vapours were abundantly evolved witlun 10 minutes, and continued j 
to mcrease until the experiment was arrested, . ' 


'Coarse yarn madeTn 30 minutes 
at Waltham,! 

1 1864 . ; 

8towmarket, eoarse In 10 minutes, 
j yarn, 1 864 (early 

I manufacture). [ 

IStowmarket coarse None observed du-j 
yam (anotheri ring 9 days’ ex-l 

specimen). | posure, 5 hours 

A portion of the Very iaint after 15 The mtrous vapours became more evident 
samesample as38 hours’ treatment | 


lAfter 9 days’ exposure no nitrous vapours were observed in the vessel The | 
' specimen had an acid reaction and somewhat pungent odour, but was not 
otherwise altered. 

a the 4th day of the experiment, j 


These eight experiments, conducted precisely alike, point to very important difler- 
ences in the powers of difierent specimens of gun-cotton to resist destruction by expo- 
sure to 100° C. Of five samples manufactured at Waltham Abbey, only one exhibited 
the effects of such exposure described by Pelouze and ALvury as invariable, namely, the 
disengagement of nitrous vapours within a few minutes. One specimen did not exhibit 
this sign of change until after five hours’ exposure, and then only to a very slight extent. 
Of two specimens of gun-cotton from Stowmarket, one decomposed with very consider 
able rapidity at 100° C., and the other did not, in one experiment, evolve any visible 
amount of nitrous acid during forty-five hours’ exposure, in nine days, and exhibited 
very slight signs of change at the expiration of this severe treatment ; while in a second 
experiment, with a portion of the same sample, slight decomposition became apparent 
at the close of the third day’s exposure of five hours. 

The cause of the latter difierence in the behaviour of one and the same sample, upon 
different occasions, was traced to the circumstance that the specimen, in the condition 
in which it was first employed, contained a somewhat larger proportion of moisture 
than when the experiment was repeated with it, in consequence of its having been in a 
damp locality for a short time before the first portion was operated upon. Thus one 
possible reason for the different behaviour of several samples of gun-cotton prepared 
by one and the same process was indicated. In confirmation of the influence exerted 
by moisture in retarding the decomposition of gun-cotton exposed to a high tempera- 
ture, the results of a preliminary experiment may be here recorded, which was insti- 
tuted with a sample of gun-cotton found to he very readily affected by exposure to heat, 

2 E 2 
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Experiment 40. — ^Three ‘ specimens, ^ch of one grm., we^ exposed side by side in 
small long-necked flasks to 100° C., in three difierent conditions. The one was air-dry 
(and contained therefore about 2 per cent, of water), the second was dried immediately 
before the experiment by suflicient exposure to 50° C., and the third was saturated with 
water and pressed between bibulous paper. The dry sample showed dgns of -decompo- 
sition in ten minutes, the air-dry sample began to decompose in forty-five minutes, and 
the moistened specimen exhibited no acidity after exposure to 100° C. five hours daily for 
three days (further experiments on the protective power of water will be presently de- 
scribed), In all subsequent experiments upon the comparative effects of exposure of dif- 
ferent samples to elevated tempemtures, the gun-cotton was employed in a dry condition. 


The discrepancies noticed above in the behaviour of different samples of gun-cotton 
under exposure to 100° C., led to a searching investigation into the composition of pro- 
ducts of manufacture obtained from Waltham Abbey, Stowmarket, and Hirtenberg, the 
results of which were laid before the Royal Society last year. 

It was established by this inquiiy that gun-cotton manufactured at those establish- 
ments contains variable proportions of the following substances foreign to the most 


H 

explosive gun-cotton, trinitrocelhilose^ or 


O,. 


(1) Hygroscopic moisture, the proportion of which amounts very uniformly to about 
2 per cent., except in special instances, when mineral impurities in the material exert 
an influence upon its hygroscopic properties*. 

(2) Mineral matters, varying in amount with the character of water used in purifying 
the material, with the duration of its treatment with water, and with the circumstance 
whether the purified gun-cotton has been submitted to the treatment with soluble glass, 
recommended by Von Lexk. These mineral matters include calcic and magnesian carbo- 
nates, silica, clay, and occasionally small quantities of sand and alkaline salts. 

(3) Products of the less complete action of nitric acid upon cellulose, the nature of 
which has been investigated by Hadow. These products, w^hich are less explosive than 
trinitrocellulose, and are more or less readily soluble in mixtures of ether and alcohol, 
were found to exist in very considerable proportion in some samples obtained from Hir- 
tenberg and Stowmarket, and have also been found to the extent of about 2 per cent, 
in the most perfect products of manufacture. Their formation may be due to insuffi- 
ciently protracted treatment of the cotton with the mixed acids, to the employment of 
acids of insufficient strength, and to the presence of hygroscopic moisture in the cotton 
at the time of its conversion. An elevation of temperature during the treatment of the 
cotton with the acids would also give rise to the production of soluble gun-cotton. 

(4) Products of the partial oxidation, by nitric acid, of organic impurities existing in 
the cotton, even after the preliminary purification to which it is subject. These products. 


* Several of tKe earlier products of manufacture obtained at Stowmarket were found to absorb from tbe atmo- 
sphere, under ordinary conditions, from 0’5 to 1'5 per cent, more moisture than the average proportion (2 per 
cent.) contained in Von Leak’s gun-cotton. 
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wMcli formed from portions of seed-husk adhering to the cotton, and from small 
quantities of gam-like and other substances still retained within the fibre, escape com- 
plete removal from the gun-cotton, although the larger proportion passes into* solution 
during the treatment with acids and upon the subsequent digestion in an alkaline bath. 
It need scarcely be stated that the proportion of these substances, existing in the finished 
gun-cotton, varies with the description and quality of cotton employed, with the duration 
of the digestion in acids, and the degree of perfection of the purifying processes to which 
the material has been submitted. They are discovered by treatment of the gun-cotton 
with alcohol, and no specimen has yet been examined by me which has been found 
entirely free from them, while comparatively considerable proportions have been found 
to exist in a few specimens from Hirtenberg and Stowmarket. 

A description of the nature of these impurities, as far as it could be determined, has 
been given in the prerious memoir They possess acid characters, and their origin 
leaves no room to doubt that they are less simple and definite, and therefore less stable 
in their characters, than are the products of the action of nitric acid at low’ temperatm’es 
upon pure cellulose. 

It has been argued by Schrotter, Kedtexbacher, and Schxeider in their official 
report upon Von Leak’s gun-cotton, that an incomplete conversion of cellulose into the 
most explosive gun-cotton may be one cause of the want of stability observed in the 
early products of manufacture (at Bouchet, &c.) ; and consequently the existence in 
gun-cotton of a proportion of the third class of impurities above specified should, accord- 
ing to these chemists, give rise to, or promote a tendency to spontaneous change in the 
material. On the other hand, Pelouze and Maury consider it probable that a gun-cotton 
will be the more liable to spontaneous change the further it is removed in composition 
from the cellulose type, and that products prepai ed by prolonged immersion in large 
proportions of very concentrated acids will therefore be more liable to spontaneous 
ignition than the gun-cotton prepared by a brief immersion in less concentrated acids. 
No experimental data are given in support of either opinion. 

The discordant results furnished by the heat-experiments just described, and the facts 
established by investigating the composition of the gun-cotton operated upon, led to the 
institution of a very considerable number of experiments with the view of ascertaining, 
if possible, whether the establishment of change in gun-cotton by its exposure to high 
temperatures has to be ascribed to the instability of trinitrocellulose itself, or whether 
it is to any extent ascribable to the injurious influence of less permanent bodies existing 
as impurities in the ordinary product of manufacture. 

A careful comparative examination was instituted of the effects of exposure, under 
equal conditions, to 100® C. upon a number of samples in portions of which the matters 
soluble in ether and alcohol had been determined. One gramme of each sample was 
first dried in a water-bath at a temperature of 50° C. ; it was then introduced loosely 
into a small flask having a neck about 220 millims. in length, and immersed in boiling 
water, the first indications of the disengagement of nitrous acid being afterwards care- 
* Transactions Boyal Society, toL clvi. p. 285. 
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folly noted. The specimens were uniformly exposed to 100° C. for thirty hours (dx 
houm daily for five consecutive days), unless, as was the case in ft few instances, the gun- 
cotton had sufeed complete change within a shorter period. 


Table III. 


No. of 
eiqieri 
ment. 

j Descrip- 
j tion of 
jgun-cott<M 

Paieentageof Period when nitrous 
m^terextract- vapours were first ob- 
ed by ether Iserved after commence- 
and alcohol | ment of experiment 

; 41 


il f 

1 1-SO 

j 

4 hours. 

j 

i “ 



j 1-83 

|l hour 

1 43 


■§ 

1 191 

I 45 minutes. 

44 


1 2 
k 

199 

2^ 30® 

45 


11! 

200 

[14 hovure. 

46 


|1 1 

2 00 

Ih30®. 

47 


ll 

212 

'14 hours. 

48 



2-21 

4 hours J 

49 



2-22 

Ih 20® 1 

50 


i 

2-25 

45 minutes. J 

51 


a 

230 

!45 minutes. j 

62 


§ 

2-31 

1 hour. 

53 

J 

1 1 

26 

\s^ 30“b 

54 



2-85 

45 mmutes. 

55 


1 

0 

5Q 

30 

|45 minutes. 

56 


3 41 

10 minutes. 

57 


•§ 

3-34 

17 hours 

! 58 


1-^ 

3-68 

S’* 45® 

' 59 


W 

Is 

40 

2" 15® 

60 

1 

1 

41 

j45 minutes. 

! 


s 

s 

4']5 

j5 hours ] 

i 1 



4*24 

6 hours. j] 

! 63 1 


R 

4-3 

1 0 minutes |f 

i ^ 1 


o 

61 

5>‘ 45®. ] 

I 65 


£ 

S 

8-5 

1 5 hours t 

i 66 : 

j 

“ i 

11'78 

,15 hours ] 

67 jCoarseyam 
i Austria. 

3 02 

:!»> 15® I 

68 Fine yam 
; Austna. 

3-66 

jsO mmutes J 

69 

Fine yam 
Austna. 

4-50 

iS*! 30®. 

1 

70 

Fine yam 
Austria. 

5*02 

1 hour. 

71 

Coarseyarn 

Austria 

7-44 

15 minutra (total ex- I 
pewure 12 hours). 

72 

Coarseyarn 

Austria. 

86 

10 minute (total ex- 
1 posure 12 hours) 

73 

Coarseyarn 

Austria. 

14-2 

,10 minute (total ex- J 
, posure 12 hours.) 

74 

Coarseyarn 

141 

|12 minutes (total ex- 


Austria. 


; posure 15 hours), j 

75 

yam 

A.tia^na 

IS 

i8 minutes. 5 

76 

C^rwyam 

Austria. 

70 (about) 

minutes. 5 


Other obaorvations. 


jXhe atmosphere la the flask was onlj faintly coloured during the whole term of theeiperi- 
ment At the conclusion the gun-cotton had darkened slightly in a few places, Imt had not 

altered in explosneness or strength of fibre. 

jlhe atmosphere in the flask became only faintly coloured on the second day ; the gun-cotton 
I darkened and contracted, and its explosiveness was much reduced. 

^he nitrous vapoiu^ were not considerable throughout the experiment, colour of the gun- 
cotton not altered, but the fibre weakened and explosiveness reduced. 

A faint coloration of the atmosphere ui the flask was only observed on 'the first day. The 
I colour and strength of fibre were not altered, but the explosivenms was greatly reduced. 
jOnly very faint indications of nitrous acid at any time. Alter 30 hours’ exposure the gun- 
cotton had not suffered any change in colour, strength of fibre, or explosive qualities. 
Towards tlie close of the second day. the atmosphere in the flask was ouly faintly coloured. 

Colour and strength of fibre not altered, but explosiven^ notably reduced. 

Only very faint indications of ratrous acid at any time The gun-co^n sustained no change 
I in colour, strength of fibre, or explosiveness. 

jOnly faint indications of nitrous acid obawTed m cither of these experiments. Neither of 
the samples were altered in appearance or strength of fibre, but the explosiveness of both 
was diminished 

Nitrous va^urs were somewhat more abundantly evolved in experiment 50 than in 51, onl v 
fault indications being obtained in the latter case Neither sample was altered in colour 
but the strength of fibre and explosiveness were reduced m both instances, 
he indication* of nitrous acid were very faint after the first dat ’s exposure. The gun-cot- 
ton was very shghtly darkened in a few places, but strength of fibre and explosiveness v " 
not affected 


and Its explosiveness somewliat reduced. 


neas much reduced. 

iitroua acid evolved abundantly The gun-cotton converted into a p 
plo,sive substance. 

'ery faint uidications of nitrous acid. Strength of fibre not altered, I 
rMuced. 

iitrous acid not considerable Gun-cotton discoloured and friable, ei 
fitrous acid abundant. Fibre of gun-cotton and explosiveness destroj 
iitroms acad not abundant. Gun-cotton darkened in parts ; strength 
ness slightly reduced 

fitrous acid not abundant. Gun-cotton not darkened, but fibre roti 
very greatly reduced 

fitrouB acid considerable. Gum-like mass produced. 

fitrous acid very abundant. Gun-cotton converted into friable non- 

fitrous amd very abundant Guni-like mass produced 

ery faint indications of mtrous acid. Gun-cotton slightly discoloui 

and explosiveness very slightly reduced. 

'aint indication of nitrous acid. Gun-cotton darkened , strength of fib: 
and explosivene® much reduced. 

iitrous acid considerable on the second day, diminished afterwards, 
in some parts ; strength of fibre and explosiveness much reduced, 
itrous vapours considerable, disappeared entirely towards dose of c 
of fibre and explosiveness very greatly reduced. 

amt indicatioBs of mtrous acid. Strength of fibre and explosivene 
either instance. 

itrous vapours very abundant. Guni-like mass produced, with a < 
some parts. 
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The following are the principal facts demonstrated by the foregoing experiments : — 

1. The results furnished by the samples of Waltham Abbey gun-cotton demonstrate 
that different samples of the material, manufactured as far as possible in tfie same 
manner, are not alike affected by exposure for a fixed period to 100° C. under unifonn 
conditions. Of thirteen samples of Waltham Abbey gun-cotton, four resisted in a 
remarkable manner the destructive effects of heat, and remained unchanged in physical 
properties and explosiveness after thirty hours’ exposure to 100° C. This treatment only 
developed acid to a slight extent in these particular samples ; but in the other nine spe- 
cimens it produced somewhat greater alteration ; nitrous acid was disengaged in more 
considerable proportions, the fibre of the gun-cotton was rendered more or less rotten, 
and its explosiveness w^as diminished in different degrees. 

2. The comparative celerity with which nitrous acid is disengaged from different spe- 
cimens of gun-cotton upon exposure to 100° C., does not afford a reliable indication of 
their relative susceptibility to rapid decomposition at that temperature. As illustrations 
of this the following instances may be selected from among those furnished by the 
results detailed in the preceding Table. Those specimens of Waltham Abbey gun- 
cotton which exhibited uniform powers of resisting the destructive effect of heat (expe- 
riments 41, 45, 47, and 52), furnished the first faint indications of development of acid 
vapours at one hour, four hours, and fourteen hours, respectively, after first exposure to 
100° C. Three samples (experiments 44, 48, 49) w'hich w^ere altered alike, and 
slightly, by uniform exposure to 100° for thirty hours, exhibited the first symptoms 
of decomposition at P 20™, 2‘’ 30™, amd four hours after commencement of the experi- 
ment. Again, a sample which exhibited no sign of change beyond slight acidity at the 
close of the experiment (experiment 52) afforded faint indications of the development 
of acid in one hour, while another specimen which sustained comparatively considerable 
change (experiment 48) did not evolve any acid vapour until four hours after its first 
exposure to heat. An inspection of the results obtained with Stowmarket gun-cotton 
shows that, out of thirteen samples, five did not furnish signs of disengagement of acid 
vapours until after the lapse of five hours and upw^ards, -while among the thirteen 
Waltham Abbey samples only three furnished no signs of change for four hours and 
upwards. On the other hand, these samples of Waltham Abbey gun-cotton were, after 
thirty hours’ exposure, only very slightly affected, while the Stowmarket samples just 
referred to, all exhibited important signs of change. Two samples from Stow^market 
(experiments 54 and 60), though they evolved acid vapours within forty-five minutes of 
their first exposure, were not very greatly changed by the thirty hours’ treatment, while 
other two samples (experiments 62 and 64), which evolved no acid for five hours and 
gh 45 m^ were completely decomposed by the close of the experiment. 

A careful examination into the possible causes of these differences showed that they 
were to be ascribed, at any rate in very great measure, to wiations in the proportion 
and character of the mineral matters contained in the specimens. Some few of the 
Waltham Abbey samples contained laiger proportions of calcic and magnesian carbonates 
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(deposited upon the fibre by the hard water in which the material had beei washed) 
than other samples. There was consequently present in such specimens a larger amount 
of matter capable of neutralizing acid, if liberated by the action of heat, than in others ; 
and therefore the period would be proportionately delayed, in those instances, when 
the development of free acid would first become evident. The Stowmarket samples had 
been submitted to the “ silicating ” process, which consists in impregnating the gun- 
cotton with a dilute solution of soluble glass, afterwards drjing it, and finally washing it 
in spring- or rain-water. The result of this treatment is that small proportions of alka- 
line and earthy carbonates are deposited upon the fibre in addition to what it would 
acquire by simple long-continued exposure to running w^ater. This circumstance tends 
to explain why the Stowmarket gun-cotton experimented with, though generally much 
more seriously affected by protracted exposure to 100° C. than the Waltham Abbey 
samples, appeared to resist change in several instances for much longer periods than the 
latter. 

The proportion and nature of the mineral matters in gun-cotton may, therefore, as 
shown by those experiments, exert a very notable effect upon the behaviour of the mate- 
rial w’hen exposed to high temperatures. But the results of subsequent experiments 
have demonstrated most decisively that the influence which the presence of earthy or 
alkaline carbonates, mechanically distributed in small proportion through a mass of 
gun-cotton, exerts upon the effects produced by exposure to heat, is in many instances 
not confined to a simple delay of the indications of change furnished by the development 
of acid ; it may also manifest itself in much more important directions, namely, by 
actually retarding and even considerably limiting, if not altogether preventing, the spon- 
taneous decomposition of the gun-cotton itself. These effects are of such evident import- 
ance in connexion with the question of the stability of gun-cotton, that they have been 
made the subject of extensive experimental inquiry, the results of which will be given 
under a special head. 

3. The different behaviour of the samples of gun-cotton operated upon in the foregoing 
experiments cannot be ascribed to differences in the proimrtions of matter soluble in 
ether and alcohol present in them. The four samples (experiments 41, 45, 47, 52) which 
withstood to the greatest extent the action of heat, contained 1‘8, 2, 2T, and 2'31 per 
cent, of soluble matter, which numbers represent the lowest, the mean, and almost the 
highest proportions of soluble matter in the Waltham Abbey gun-cotton. Again, some 
samples of Waltham Abbey products, containing identical propoiiions of soluble matter, 
behaved very differently, as may be seen by comparing experiments 41 and 42, 45 and 
46, 51 and 52. The want of connexion between the proportion of matter ^luble in 
ether and alcohol, and the stability of the sample, is perhaps even more strikingly 
demonstrated by results obtained with specimens of Stowmarket and Hirtenberg 
products. Samples containing equal proportions of soluble matter, as in experiments 
56 and 57, 59 and 60, 65 and 72, behaved very differently, while others, in which the 
amount of soluble matter differed very considerably, exhibited similar behaviour upon 
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exp<M«ire to heat, as demonstrated by a comparison of experiments 57 and 66, 41 and 70, 
56, 68 with 72, 73, and 74. 

A comparison of the general results furnished by the Waltham Abbey and Austrian 
^mples might be considered to afford some foundation for the conclusion that the gun- 
cotton which contains the largest proportion of the less explosive cellulose-products is 
the most susceptible of change, but it has already been shown that this conclusion is not 
supported by comparison of the individual experiments ; and the following additional 
illustrations may be pointed out. A sample of Waltham gun-cotton containing 1*83 per 
cent, of soluble matter sustained decidedly greater change than Austrian samples con- 
taining 4*5 and 5*02 per cent., or than a Stowmarket sample containing 8*5 per cent. ; 
and a specimen of Austrian cotton containing 8 per cent, of soluble matter did not sustain 
less alteration, and was much more rapidly affected than one from Stowmarket containing 
11*78 per cent. Again, the specimen of Austrian gun-cotton which consisted chiefly of 
the lower nitro-prodiicts, was not so rapidly or completely changed as another Austrian 
specimen which contained only 7*4 per cent, of soluble matter (experiment 71), or a 
Stowmarket sample which contained but 4*3 per cent, (experiment 63). 

4. A comparison of the characters exhibited by the matters which ether and alcohol 
extracted from different samples employed in these experiments, appeared to throw much 
greater light upon the causes of their different behaviour, than the comparison of the 
proportions of soluble matter which they furnished. Reference has already been made 
(p. 201) to the matters soluble in alcohol alone, which have been discovered in small 
but variable proportions in all samples of gun-cotton hitherto examined. Both the 
quantity and character of these substances extracted firom different specimens of gun- 
cotton exhibit variations, as might be anticipated, when it is remembered that they are 
derived from impurities retained by the cellulose to an extent determined by the parti- 
cular description and degree of purity of the cotton operated upon. In the Waltham 
Abbey specimens employed, the proportion of matter varied only slightly (between 0 72 
and 0*9 per cent.) ; yet, although the comparatively slight differences in the effects of 
heat upon the different samples w^ere in part ascribable to variations in the proportions 
of mineml matters present, indications were obtained that the gun-cotton which resisted 
the action of heat to the greatest extent contained the smallest proportion of nitrogenized 
oi^nic matter not derived from cellulose. The Stowmarket ^mples afforded much 
more decided evidence of the influence of these foreign products upon the stability of 
the gun-cotton. Two specimens (experiments 56 and 63) from which nitrous acid- 
vapours were disengaged within ten minutes of their first exposure to 100® C., and three 
others (58, 62, and 64) which, owing apparently to the influence of mineral matters, did 
not furnish acid-vapours until after five hours’ exposure, yielded extracts with ether and 
alcohol decidedly different in character from the other specimens ; a comparatively laige 
proportion consisted of nitrogenized acid matter of a resinous character, soluble in 
alcohol. 

With two or three exceptions, the samples of Austrian gun-cotton exhibited decided 
MDCCCLXVII. 2 p 
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signs ©f less cemplete purification of liie cotton previous to convemon, than the gene- 
rality of samples of l^iglish manufacture. It should also be observed toat the extra<^ 
by ether and alcohol after treatment of the samples with alcohol, possess^ in ^veral 
instances the characters of photographic collodion (the solutions fumidhing tough trans- 
parent films upon glass), which was not the case with any of the specimms of Waltham 
Abbey gun-cotton, and in only one or two instances among the samples from Stowmarket. 
The orfinary ethereal extract from the English samples furnished a homy brittle residim, 
contracting greatly upon perfect desiccation, and appearing to consist chiefly of the 
product “ B ” described by Hadow as having the formula lEo Oj^ SNO^. Ko decided 
evidence was obtained in support of the conclusion that this difference in the character 
of the ethereal extract affected the stability of the gun-cotton. On the contrary, the 
Austrian samples used in experiments 71 and 72, which did not furnish an extract having 
the properties of good collodion, and only yielded 7*5 and 8*5 per cent, of total soluble 
matter, decomposed far more rapidly and completely than the specimen (experiment 76) 
which consisted chiefly of coUodion gun-cotton. 

The destructive effect upon the stmcture of the fibre produced by the long-continued 
digestion of the gun-cotton in warm solvents, which is necessary for ensuring the extrac- 
tion as completely as practicable of the soluble matters, renders it very difficult to obtain 
reliable indications of the effects of heat upon gun-cotton deprived of those substances. 
The following experiments appear, however, to afford considerable support to the infer- 
ence dravm from some of the results of the heat-experiments just referred to, that the 
existence in gun-cotton of small proportions of organic impurities, resulting from partial 
oxidation of foreign matters enclosed in the cotton fibre, exerts a very prejudicial influence 
upon the stability of the material, and that there is no sound foundation for the opinion 
that any such influence is exerted by the lower cellulose-products, when associated in 
small or large proportion with trinitroceilulose. 

Experiments 77-80. — Four specimens of gun-cotton were extracted with ether and 
alcohol, by being twice digested for periods of tu enty-four hours, in a considerable volume 
of the mixture, and afterwards washed. The dry specimens were then exposed for twelve 
hours (in two days) to 100° C., side by side with portions of the original samples. 

No. 1. — The onginal gun-cotton exhibited faint indications of disengagement of nitrous 
acid in ten minutes after first exposure ; the vapours did not become more abundant 
throughout the expmiment, and, at the conclusion, the gun-cotton, which was strongly 
acid, had sustained a loss of 18 '5 per cent. The extractei sample did not, throx^hont 
the experiment ; afford any indication of the diseng^ement of nitrous acid ; its acidity 
at the close was comparatively very slight, and it had lost only 3*5 per cent. 

No. 2. — ^This ^mple, as well as Nos. 3 ami 4, contained considerably mme scduble 
matter than No. 1 sample ; the original gun-cotton behaved quite samikjiy to No. 1, 
but fee portion treated wife fee solvent evolved nitrous vapours in about fifteen minutes, 
and sustained much more rapid and considerable decomposition than the gnn-cottoaa m 
ite edging condition. 
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No» S. — ^The mtroMed gim-cotton first exhibited signs of change, and nitroisi i^ponrs 
were evobed more abundantly than from the original simple, which only affoMed faint 
inditmtioBS of nitrous acid after several hours’ heating. The latter had lc»t only 5*5 per 
cent, at the conclusion of the experiment, while the extracted gxm-cotton had sustained 
a lo^ of 10 per cent. 

No. 4. — Signs of change were exhibited by both samples at the same time; faint 
vapours made their appearance after eight hours’ exposure to 100 C. Nitrous acid was 
afterwards somewhat more abundantly evolved from the extracted sample. The loss 
sustained by the latter after twelve hours’ heating was 5 per cent., that of the original 
gun-cotton was 4*1 per cent. 

In these experiments No. 1 sample, which contained the average proportion of matter 
soluble in alcohol existing in W^altham Abbey gun-cotton, and a comparatively verj^ 
small proportion of matter soluble in ether and alcohol, was rendered very much less 
susceptible of change at 100° C., by extraction with the mixed solvents, while the other 
samples, apparently in consequence of the injury to the structure of the fibre resulting 
from the extraction of a comparatively considerable proportion of imperfectly converted 
gun-cotton by the ether and alcohol, were rendered somewhat more prone to change by 
the treatment received. 

Experiments 81, 82. — Two specimens of gun-cotton, selected from those which in 
preceding experiments had been found most susceptible of decomposition at 100° C., 
were digested for some time in dilute acetic acid, afterwards thoroughly washed, first 
in slightly alkaline w^ater, and then in distilled water. By this treatment such mineral 
impurities as might have an influence upon the rapidity of decomposition of the gun- 
cotton were removed. One-half of each sample was digested for twenty-four hours with 
ether and alcohol, afterwards washed with the mixture, and dried. The samples thus 
treated were exposed to 100° C. in a water-bath, side by side with corresponding qnan- 
titi^ of the same specimen which had simply been extracted with acetic acid. The 
results observed were as follows : — 



Xo. 1. 

Xo. 2. 

Treated with acetic 
acid only. 

Treated with ether 
and alcohol. 

Treated with acetic 
acid only 

Treated with ether 
and alcohol. 

IndicatifHis of chwige obserred after 
first exp^iae to IfifiPC. 

Lots ofweight after 4Jhoure* exposure 
to iwa 

35 minutes. 

17'9 per cent. 

7^ hours (3 hours on 
the smnd day). 

2-3 per cent. 

30 minutes. 

W per cent. 

3^ 45™, very faint. 

1 per cent. 


The very marked difference in the stability of these specimens (which contained only 
v«ry small proportions of soluble gun-cotton), when exposed to 100° C. in the two different 
(xmditioiB, appears to afford strong evidence that the abstraction of the matters soluble 
in (rther and alcohol greatly increases the stability of the gun-cotton. The i^Kt-following 
ex^^rbn^its show, on the one hand, that this difference does not appear ascribable to 
the removal of fhe soluble guo-cothm from the trinitrecellulose, and u^c^te, on &e 

2 F 2 
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other hand, that the closing up of the fibres resulting from the solution (or gelatiniza 
tion), but imperfect removal from the gun-cotton of the soluble portions, may, in the 
above experiment, have imparted to the material increased powers of resisting decom- 
position at a hi^ temperature. 

Experiments 83-87. — Four specimens of gun-cotton, containing small proportions of 
imperfectly converted material, were thoroughly ^turated with a very weak solution of 
pure soluble gun-cotton (or collodion), then at once removed from the liquid and dried. 
The mechanical condition of the gun-cotton was not perceptibly altered by this treat- 
ment. These specimens were exposed to 100° G., together with portions of the original 
samples (all of them being for this purpose packed lightly and uniformly in small flasks). 
In every instance the prepared gun-cotton resisted the action of heat for a much longer 
period than the imprepared material. The former exhibited the first very faint indica- 
tions of disengaging of nitrous acid between twelve and fourteen hours after the first 
exposure, while the unprepared specimens evolved nitrous acid after one hour to 30“ 
exposure. 

It would appear therefore from these experiments that the addition of less perfectly 
converted gun-cotton to the ordinary product does not have the effect of promoting its 
decomposition at 100° C., but that, on the contrarj", when applied as indicated abo\e, it 
renders the material considerably less susceptible of change, probably because the fibres 
are partially sealed, or in some other way mechanically protected by the treatment with 
dilute collodion. That the partial or complete closing of the fibre does exert an im- 
portant influence upon the power of gun-cotton to resist the action of heat was demon- 
strated by 

Experiment 88. — An ordinary sample of dry gun-cotton was allowed to remain for 
eighteen hours in a confined space together with an open vessel containing the ether- and 
alcohol-mixture. It was afterwards dried and exposed to 100° C., side by side with a por- 
tion of the sample in its original condition. The latter exhibited signs of decomposi- 
tion within two hours, the sample which had been exposed to the action of the vapour 
only exhibited faint signs of change after eighteen hours’ exposure. 

Experiment 89. — A specimen of Stowmarket gun-cotton containing a large proportion 
of matter extractable by ether and alcohol was washed with alcohol only, and its 
behaviour at 100° was afterwards compared with the original gun-cotton. The washed 
gun-cotton resisted the action of heat only slightly longer than the original gun-cotton, 
but it was observed that the washing had effected the separation of much of the earthy 
carbonates mechanically attached to the fibre, and hence was deprived, by the alcoholic 
treatment, both of a protective and a destructive element. A portion of the washed 
gun-cotton was afterwards exhausted as far as possible with ether and alcohol. By this 
treatment the fibre was much diantegrated, and upon exposure of the insoluble gun- 
cotton to 100° C., it exhibited signs of decomposition much more speedily than the 
original gun-cotton. The ethereal extract was evaporated, and the dry product was 
exposed for thirty hours (during rix days) to 100° C. Ho indications of nitrous acid 
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were observed throughout the experiment, and the material was unaltered in character, 
excepting that it had become decidedly acid. It should be observed that this ethereal 
extract was not quite free from the matters soluble in alcohol which the gun-c6tton con« 
tained, as it is apparently impossible to extract these perfectly by digestion and frequent 
washing with alcohol. 

Experiment 90. — A specimen of Waltham Abbey gun-cotton was in the first instance 
digested with dilute acetic acid and thoroughly washed, the object of this treatment 
being to remove any mineral matters from the sample which might exert a neutralizing 
action and thereby influence the efiects of exposure to heat. One half of this gun-cotton 
was then digested for two days with warm alcohol, and was afterwards repeatedly washed. 
On evaporation of the alcoholic extract the usual small yellowish resinous residue was 
obtained. 

A small portion of the dry gun-cotton thus purified was heated to 100® C. in a glass tube 
side by side with some of the same specimen which had only been extracted with acetic 
acid. Early on the second day of the experiment, the latter specimen began to evolve 
nitrous acid ; and about thirty minutes afterwards the sample extracted with alcohol 
exhibited faint signs of decomposition. 

Eight grammes of each of these samples, and a similar quantity of the gun-cotton in its 
original condition, were afterwards introduced into very long-necked flasks, the openings 
of which were loosely closed with corks and exposed for six days, seven hours daily, to 
G5® C. ; as none of the specimens exhibited any sign of change at the expiration of that 
period, the temperature of the water-bath was maintained at between 88° and 90°. 
After about nine hours’ exposure to this temperature, the original gun-cotton began to 
decompose, and two hours later an extremely faint indication of nitrous acid was 
observ^ed in the sample extracted with acetic acid. After two days’ (twelve hours) 
further exposure to heat, the first signs of decomposition became apparent in the flask 
containing the sample which had been extracted with alcohol. The coloration of the 
atmosphere continued, how-ever, to be only faint in the flasks containing both extracted 
specimens during ten days’ exposure to about 90°. 

The observation made in this experiment, that the treatment of the gun-cotton with 
acetic acid decidedly increased its power of resisting the destructive eflfects of heat, was 
quite at variance with the anticipated result ; for, undoubted evidence haring already 
been obtained of the retarding effect upon the decomposition exerted by the existence 
of earthy carbonates when deposited upon the gun-cotton during the washing operations, 
it was considered that the treatment of ordinary gun-cotton with the acid, if it in any 
way influenced the sub^quent action of heat upon the material, would have an accele- 
rating effect. Several additional experiments confirmed, however, the correctness of the 
above observations; the following results, furnished by different samples of gun-cotton, 
of which portions were extracted witih acetic acid, may be quoted in illustration of this. 
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Table IV. 


Xa of 
experi- 
jaast. 

of 

Exposed 

to 

Duration 
of exposure. 

Mtrous acid 
disengaged 
alter first 
exposure 

Loss of 
weight. 

Other ohserrations. 

91 

Ojfdinapy guo-corton. 
dr-dry 

100 

4“ 30“' 

20 minutes 

27 per cent.... 

The rapoura were very de^-coloured 
m 20 minutes. 


sample, extract- 
ed 'With aoid. 

100 

1 

4h 30“ 

35 minutes 

20 per cent ... 

The vapours were not de^-coloured 
until after 2 hours' heating. 

9S 

Ordinary ^n-eotton, 
quite dry. 

1 100 

fh 30“ 

10 minutes 

24 4 per cent... 

The vapours very deep-ooloured in 15 
minutes. 


jSame '■ample, extract- 
j ed with aad. 

j 100 

41.30m 

30 minutes 

17'9 per cent... 

The vapours were deep-coloured after 
30 minutes’ h^feig. 

m 

jordinary gun-cottonj 

i 

65 

140 hours (m 
20 days) 

30 hours, 4th 
day icri/ 

faint 

In one week 
1‘66 per cent. 

The sample was greatly changed after 
20 day-.’ heating, being converted 
partly' into the matter soluble in 
water, of the usual character, and 
partly mto soluble gun-cotton 


Same sample, extract-' 
ed with acid, [ 

1 

65 j 

i 

140 Ixoims (m 
20 days). 

38 hours (6th 
day) 

10 per cent... 

The sample had sustained a trilling 
change; it had contracted some- 
what, and the soluble matter had 
increased a little. 


Upon examining the extract obtained by digesting gun-cotton with acetic acid in the 
cold, it was found to contain a small quantity of organic matter of resinous character, 
insoluble in water, but soluble in alcohol alone and in ether and alcohol, containing 
nitrogen and deflagrating when heated ; it was erident therefore that this treatment of 
gun-cotton had the efiect of purifying it to some extent from the organic impurities more 
perfectly removed by the extraction with alcohol. 

The treatment of gun-cotton with dQute hydrochloric acid was not found to efiect the 
removal of any proportion of these organic impurities, while the carbonates were, of 
course, readily extracted thereby. When gun-cotton, thus purified and very thoroughly 
washed, was exposed to heat side by side with the material in its original condition, 
the latter exhibited decidedly greater power of resisting change, thus furnishing an im- 
portant indication of protective power exerted by carbonates if present in gun-cotton, 
which will be presently examined into more fully. 

It is considered that the foregoing experiments afford good grounds for the following 
conclusions : — 

(1) That the invariable existence in gun-cotton of small proportions of organic im- 
purities, resulting from the partial oxidation of foreign matters enclosed within the 
cotton fibre, exerts a very prejudicial influence upon the stability of 'trinitroeellulose. 

(2) That there is no sound foundation for the opinion that any such influence is 
exerted by the lower cellulose-products, when associated in large or lanall proportions 
with trinitrocellulose. 

The foUow’ing additional experimental data may be quoted in support of the latter 
conclusion : — 

A considerable quantity of perfectly soluble gun-cotton was prepare! at Waltham in 
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1^5, tfae ordiimry proems of manxifacture having been strictly followed, with the ex- 
c^tiem of the neces^ry difference in the strength of the acid-mixture used. This gun- 
cotton was found to correspond Olosely in composition to the formula of HaiJow’s com- 
pound “C”(Gi 8 H 23 0i 5 TNOg), as shown in my first Memoir*. It has exhibited no 
tendency whatever to change by long-continued exposure to diffused daylight ; several 
comparative experiments have been instituted with it and with samples of ordinary 
Waltham- Abbey products, and it has never exhibited any indications of greater suscepti- 
bility to change than the most stable of these. Indeed, the following results would 
appear to indicate that any difference in stability which may exist between the different 
members of the nitrocellulose group is not in the direction assumed by Eedtexbacher, 
ScHEOTTEE, and SciLXElDEE. 

Experiment 94. — A portion (about 1 grm.) of the soluble gun-cotton, which had been 
reduced to a fine state of division in a pulping-machine, was introduced into a wide-bulb 
tube, and a similar tube was charged with a corresponding quantity of ordinary gun- 
cotton in the same mechanical condition. Both specimens were air-dry. They were 
exposed in the same water-bath seven hours daily to 100° C. Not the slightest indica- 
tion of change was observed in either specimen until towards the close of the seventh 
day, when a faint coloration by nitrous acid was observed on looking down the tube 
containing the ordinary gun-cotton. Very shortly aftenvards a stUl fainter coloration 
was noticed in the tube containing the finely-divided soluble gun-cotton. Both samples 
continued from this time to undergo slow decomposition ; but for several hours after 
the first commencement of change, the ordinary gun-cotton evolved nitrous vapours 
more abundantly than the soluble sample. 

Experiment 95. — ^Larger quantities (11 grms. and 33 grms.) of ordinary gun-cotton and 
of the soluble gun-cotton, both in a fine state of division, were exposed day and night 
uninterruptedly to 60° C. After a period of one month the soluble gun-cotton had sus- 
tained not the slightest loss of weight, the' ordinary gun-cotton having lost O'OoS per 
cent. At the expiration of another month’s uninterrupted heating, the weight of the 
soluble gun-cotton was still found to have sustained no change, while the ordinary gun- 
cotton had only sustained a fur ther loss of 0-02 per cent.f 

These and other similar results appear to demonstrate satisfactorily that the lower 
nitrocellulose compounds, when prepared in a condition of equal purity with the ordi- 
n^y gun-cotton, are certainly not more prone to change at high temperatures. 


EXPOSUEE OF GUF-COTTOF TO 90^C. 

It is stated by P£loueb and Mauet that in their experiments the exposure of gim- 
cotton to 90° furnished identically the imme results as those produced by the tempera- 
* FldlosopMcal Transactions, yol. elvi. p. 297. 

t After continnons exposure of tiiese samples at 60°, for a further period of four mouths, the soluble gun- 
cotton is found not to have sustmned aay lass in weight, while the total lo^ sustained % the ordinary gun- 
to 0*19 p®r m&t — Jmm isesy. 
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ture qf 100° C.5 excepting* that the phenomena of decompoation, instead of appeasing 
after a few minutes, only became manifest after several hours. This statement has been 
confirmed, by the results of comparative experiments which I have instituted 'at 90 ° and 
100°, to this extent, that in all instances the first signs of change become manifest in 
the specimens heated to 100°, and that sometimes the interval of time between the first 
exposnre to heat and the first indications of decomposition is much ^’eater at the lower 
than the higher temperature- The following results fumidied by exposure of equal 
quantities of the same gun-cotton, in the same condition, to 90 ° and 100 ° C., may be 
quoted in illustration of the comparative effects of the two temperatures. 

Table V. 


No. of 
espen- 

Total period of exposure to 

First indications of change 
observed after commence- 
ment of exposure to 

Observations. 


OO^'C. 

100° C. 

90° C. 

100° c. 


96 

46 hours 

6 hours 

4 hours, vety 
faint. 

2 hours 

At 90° only famt indications of nitrous acid 
were obtmnecl up to the close of experiment ; 
at 100° the vapours were abundantly evolved 
after 5]^ hours' exposure 

97 

26 hours 

26 hours ...... 

6 hours 

5 hours 

In both instance the coloration of the atmo- 
sphere was very faint throughout the expen- 
ment. 

98 

•to hours 

30 hours 

10 hours 

45 minutes ... 

The coloration by nitrous acid was only faint 
throughout in both instances, but the speci- 
men exposed to 100° sustained a more omsi- 
derable change than the other. 

99 

56 hours 

20 hours 

j 

22 hoiu*8. very 
faint. 

14 hours 

The diseng^emcnt of nitrous acid was only very 
slight throughout the expenment at 90° , in 
the other experiment it was more copious, 
though not abundant at any period. 

100 

42 hours 

10 hoia^ 

Xone observed 

50 mmntes ... 

The specimen heated to 100° was d^iomposing 
rapidly after the laj»e of 9^ hours ; the other 
specimen exhibited no sign of change b^ond 
a slight acidity. 

101 

46 hours 

6 hours 

Xone observed 

2 hours, very 
hunt. 1 

1 

The specimen heated to 100° wjmmenced to 
evolve nitrous acid abundantly at the expira- 
tion of 6 hours, the other specdmen riiowing 
no sign of change beyond a slight acidity. 


It will be observed from these experiments, which are quoted as representing nume- 
rous others of a similar description, that in most instances the decomposition of the gun- 
cotton was not only slower but also much less serious at 90 ° than at 100 °. Exceptional 
specimens, exhibiting either a very unusual want of stability («. y. some of the speci- 
mens from Hirtenberg and Stowmarket which have already been referred to), or a 
remarkable power of resisting decomposition at 100°, generally showed but little differ- 
ence in behaviour when subject to the influences of the two temperatures. 


EXPOSTEE OE GFX-COTTOX TO TEMPEEATUEES EAXGIXG EEOM 50° TO 60° C. 

Several experiments, corresponding in their nature to those described in the first part 
of the account of the action of light upon gun-cotton, have been instituted for the pur- 
pose of obtaining data regarding the influence upon the material of very Imig-continued 
exposure to the above-named temperatures. The air-dry gun-cotton introduced into 
large bulbs blown at the extremities of barometer-tubes, the latter being placed with 
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their openings over mercury and exhausted in the manner already described, so that the 
height of the mercury-column in these tubes, at the commencement of the experiments, 
was very nearly that of the barometer at the time. Sufficient gun-cotton was employed 
to fin the globes pretty compactly. The bulbs were enclosed in metal water-baths, in 
which they were always perfectly surrounded by water maintained for definite daily 
periods at a constant temperature by gas-flames, accurately adjusted by self-acting regu- 
lator. Daily observations were made, before heat was again applied, of the height of 
mercury in the tube (with the necessary corrections), of the appearance of the gun-cotton 
through the glass, and of any other points worthy of note. 

Experiment 102. — 18 grms. of air-diy gun-cotton, manufectured at Waltham Abbey 
in 1863, were heated for six days, seven hours daily, to a temperature ranging between 
36° and 38° C,^ The column of mercury was not permanently affected to the slightest 
extent during this period. It w^as afterwards intended to maintain the temperature for 
a long period at 49°, but upon the second day of this treatment, the heat was acci- 
dentally raised to 56°, it was therefore aftenvards maintained at that point for a con- 
siderable period. After the first day of this treatment, the column of mercury continued 
to fall daily, to an extent ranging between 8 and 16 millims., during nine days’ further 
exposure for six hours daily to 55°. For three subsequent days the column fell 18, 
20, and 18 miUims. ; on the thirteenth day the fall amounted only to 11 millims. On 
the fourteenth day the temperature rose accidentally to 60°, and remained at that point 
about thirty minutes; on that day the fall of the mercury-column amounted to 23 mil- 
lims. The temperature was afterwards maintained at 55°, but the daily depression of 
mercury did not correspond with the observations made before the temperature had 
accidentally reached 60°; on three successive days it was 43 millims., 24 millims., and 
37 millims. It appeared from these results that the increase of temperature to 60° had 
established a greater tendency to change in the gun-cotton, which afterwards continued, 
although the temperature was reduced to 65°. 

After this exposure of the gun-cotton to heat, from six to seven hours daily, for twenty- 
four days, during seventeen of which the heat applied was 56°, and for a short time 60°, 
the specimen was removed from the globe. It had not altered in appearance, but was 
found to be strongly acid to test-paper; it had a peculiar pungent odour, the fibre 
had become tender, and its explosiveness had diminished somewhat. A portion of the 
specimen was washed thoroughly, first in distilled water and afterwards in slightly alka- 
line water, then dried and placed in a bottle, in which it has been exposed to diffused 
light for three years without undergoing further change. Nitrous acid vapours could 
mot be distinguished in the globe or tube at any time during the experiment, but soon 
after the temperature was raised to 55°, a few small yellowish crystals of mercury-salt 
{mercurous nitrite) appeared upon the surface of mercury in the tube, and were added 
to a little as the experiment proceeded. 

Experiment 103. — 16 grms. of tiie sample of gun-cotton used in the preceding experi- 
ment, and 14'75 grms of another sample, were exposed side by side, in one and the 
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same water-bathj m theia^mer already deapribed, to 55° C. for sm to i^?eii boars daily, 
durii^ seventy days. After the first day’s heating, the colnnm of mercnry in ^kch tube 
was dowly awi uniformly depressed, the volume of gas evolv^ heiii^ somewhat greater 
from the ^coad, smaller sample. At the conclusion of the seventy days’ treateient it 
was calculated, from the capacity of the tubes and the amount of totd di^lacemeiit, 
that the liurger sample had evolved 172*88 cub. centims., and the other ^mple 189*1 
cub. centims. of gas ; as, however, a few small crystals of mercury-salt had been product 
in each tube by the action of nitrous acid disengaged, those quantities axe of coume 
only proximate. Upon removal from the bulbs, the colour of both specimens was 
unchanged ; their odour was decidedly less pungent than that of the preceding ^ci- 
men ; both were acid to test-paper, the smaller sample being the most strongly so ; in 
neither instance was the strength of fibre impaired, the explosiveness diminished, or the 
solubility in ether and alcohol appreciably increased. The specimens were divided, 
put into stoppered bottles without any previous pui*ification, and one bottle of each 
was preserved in the dark, the other being exposed to diffused light. Hone of the spe- 
cimens have up to the present time (a period of 3 J years) undergone any further change. 

Experiment 104. — 13*8 grms. of gun-cotton were exposed in an exhausted bulb-tube, 
as already described, to 65° for six to seven hours daily, during a period of three months 
(eighty-four days). The depression of the mercury proceeded uniformly, but much 
more rapidly than in the preceding experiment. After several days’ exposure, a notable 
quantity of mercurous salt was deposited in crystals within the tube. At the termina- 
tion of the experiment the gun-cotton was not altered in colour and appearance, but 
upon removal from the bulb the fibre was found to be considerably weakened ; a pun- 
gent odour and strong acidity were exhibited by the specimen, its explosive properties 
were notably reduced, and it dissolved to a large extent in ether and alcohol, the solu- 
tion furnishing a coUodion-film. A portion of the same gun-cotton enclosed in a smaller 
bulb-tube, sealed at both extremities, was exposed to heat for an equal period in the 
same water-bath. There was some pressure of gas upon opening the tube,' and the gun- 
cotton exhibited the same appearance and properties as the sample heated over mercury. 
Both samples were placed in closed glass vessels, and have since been exposed to light 
for upwards of three years, without undergoing any further change. 

Experiments 105-108. — Four specimens of gun-cotton, each we%lmig 19*6 grms., 
taken from different samples, were introduced into bulb-tubes of almost the same capar 
city and with stems of equal length. The bulbs were all enclosed m one water-baili, 
and the open extremities of the tubes were immersed in a mercury-bath, over whidi tiiey 
were exhausted as in the preceding experiments. The water-bath vms maiataaned at 
65° seven hours daily, the uniformity of the temperature being ensured by the mployment 
of a ^If-acting gas-regulator. Before commencing the appliodion of heat ea<^ mornii^ 
the extent of depression of the niercury in the tubes was noted ; and the volume of gas 
contained in each at stated periods was calculated from the observations made. Hie 
following Table shows the effects of uniform expomire to 65° upon these 
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Dmaription of 

Volume of gus evolved. 

Gas escaped 
firom the 

1 tid}e on 

Condition of the gun-cotton after 3 months’ 

gBii-oott<m. 

dsj. 

IStbdaf. 

28lii day. 

exp(»uj*e 7 hours daily to 65° C. 


^fo. 1. Mto yarn,! 
Walfljam. 


Ho. 2. Cparse yam, 
Waltham. 


Ho. 3. Fine yarn,! 
Waltham, washedj 
and impregnated' 
with 0-4 per cent | 
of sodic carbonate.* 
Ho. 4. Coarse yam, 
Stowmaarket. 


enb. oeniams. 
57*6 


cub cmthns, 
213-3 


13th day Strong add raaetion ; strmifth of fibre and ex- 

’ ploareoefie dmsi^hed. Aqueous extract 
etmtsmed n^c and oxahc acid^and reduced 
enpric salte teadfly. Propirtion of matter 
j soluble in edier and alcohol= 13 pr cent. 
|65th day lAcid reaction ; strength of fibre and explosive- 

ness not appreciably diminish®!. Aqueous 
extract contained mtric acid and a trace of 
oxalic add ; redumi cupric salts to a very 
slight extent. Matter soluble in ether and 
al(S)hal=42*l per cent. (2 per cent, in ori- 
ginal sample) 

jSOth day jStrangly add reaction ; strength of fibre and ex- 

plosireness only shghtly reduced. Aqueous 
soluihm oOBtaoned nitric acid and a small 
quanti^ of oxalic acid , reduced cupric salts 
^ slightly. Solabte matter SI 10 per cent, 

jfith day I Acid, friable; explosivene® very much dimi- 

niriied. large proportami soluble in water. 
Solution con^ned a very small quantity of 
nitric add, but a huc^ proportion of oxalic 
acid ; reduced cupric sdt very abundantly, 
Portdon insoluble m water; di^lved inether 
and alcohol. 


The sample of Stowmarket gun-cotton which decomposed so readily at 65°, was an 
early specimen of manufacture from that establishment ; it had evidently been prepared 
from inferior or very imperfectly purified cotton, and contained a considerable proportion 
of foreign matter extractable by alcohol. The two specimens of fine yam (Nos. 1 
and 3) were portions of the lowest class of products obtained at Waltham Abbey. 
Its impregnation with a small proportion of sodic carbonate imparted to it greater 
power of resisting the effects of heat ; this result was not demonstrated, however, to its 
friH extent, because the sample of the gun-cotton (No. 1) in its original condition con- 
tained some earthy carbonates, which had been at any rate partially separated from the 
sample impr^nated with sodic carbonate. 

The specimen of coarse yam (No. 2), which was found to be but little changed by the 
thme mcmths’ exposure to 65°, was an average spedmen of the products obtained at 
Waltham Abbey. 

Specimens 1, 2, and 3 have been preserved in stoppered bottles in the condition in 
which they wtate removed from the bulbs, and have been exposed to strong daylight for 
two years. They Imve not undergone fiirther change. 

^pemnent 10§.— -A smnple (20 grms.) of perfectly dry Waltham Abbey gun-cotton, 
j^iesCTitmg the ordinary paodnct of manufacture, was exposed in a bulb-tnbe exhausted 
over memn^ to 65® 0., frn- honoms d^y. The mercury-column was very gradu- 
ally depr^^od, in the experiments with gun-cotton of this kind, and after 

ti^ experiment h^ oontinmed frn ten weeks, the gas escaped from the opening of the 
tube. & about one mcne, HU^aent gas was collected for examination ; it was 
forad to <xmsii^ — 


2g2 
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Cariwnic acid . . , , • . . 45*6 per cent. 

Mtric oxide 10*8 „ 

Mtrogen 43*6 „ 


Some water liad become deposited in the sides of the tube, and a small quantity of 
mercury-salt hs^ formed. The application of heat to the tube was continued with the 
view of coDecting a further quantity of gas, but the experiment was carried on uninter- 
ruptedly for a further period of nearly twelve months before a sufficient amount of gas 
(about 150 cub. centims.) could be collected for analysis. This second product cen- 
tred — 

Carbonic acid .55*7 per cent. 

Hydrogen 6*4 „ 

Carbohydrogen * traces 

Hitric oxide 2T „ 

Nitrogen 35-7 „ 

The total volume of gas evolved during fourteen months’ exposure of the gun-cotton 
to 65'^ C., for seven hours daily, was about 660 cub. centims. 

On removing the specimen from the bulb-tube, it exhibited no alteration in colour, 
appearance, or explosiveness ; the strength of fibre had slightly diminished ; nitric acid 
was detected in small quantity in the aqueous extract, but no oxalic acid. A very 
slight reducing action was exerted upon cupric salts, but the proportion of matter soluble 
in ether and alcohol had not appreciably increased. At the conclusion of the experi- 
ment the specimen was washed in slightly alkaline water, dried, and exposed to strong 
daylight and occasional sunlight, in a stoppered bottle. Up to the present time (after 
nine months’ exposure) the specimen has suffered no change whatever. 

It would appear from these experiments, which were always commenced in mmo, 
but continued after a short time in an atmosphere of the gaseous and volatile products 
formed, that gun-cotton, prepared and purified according to the system now in use, ma- 
nifests some slight but undoubted symptoms of gradual change, if maintained for seveiul 
hours at as low a temperature as 55° C. in a confined space ; — that a long-conti- 
nued exposure to that temperature does in some instances produce a notable alteration 
in the composition and explosive properties of the substance ; — that a similar change is 
somewhat more rapidly developed if the gun-cotton be exposed to temperatures of 60° 
and 65° ; but that the exposure of the substance several hours daily, even for months, 
to the highest of those temperatures does not so seriously affect the ordinary products of 
manufacture as to prevent their being afterwards restored, by the ordinary proce^ of 
purification from acid, to a condition differing but little, practically, firom that of the 
original material. Although these experiments were instituted with comparatively con« 
sidemble quantities of gun-cotton (14-20 grms.), it must be at once admitted that, if the 
material were exposed in large compactly packed masses (5-10 kilos.) to the tempwu;* 
tures ranging between 55° and 65° for the periods given in the pr^jeding experimentSi 
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it would be more seriously affected, and that the changes which would ultimately be 
developed by the free acid accumulating in the gun-cotton inight give rise to spontaneous 
heating of the mass. On the other hand, it must be borne in mind that even the loweM 
of those temperatures occurs in nature only under exceptional circumstances, and for 
brief periods. 

It may perhaps be considered that the arrangement of heating the gun-cotton over a 
column of mercurj', adopted in the foregoing experiments with the view of obtaining 
continuous records of the progress of change, was of a nature somewhat favourable to 
the material operated upon, because a small surface of mercury was exposed in direct 
contact with the gases or vapours evolved, and might, by its own oxidation, remove a 
portion of the generated acid which would otherwise have reacted injuriously upon the 
gun-cotton. It has indeed been stated, in the description of the experiments, that 
a few crystals of mercurous salt were always formed upon the exposed surface of 
the mercury, the production of the salt being favoured by the condensation over the 
metal of a small quantity of water, produced as the experiment proceeded. But it must 
be borne in mind that the surface of mercury exposed was always very small (only from 
78-100 sq. millims.), while the quantity of cotton operated upon was considerable, and 
that, between each consecutive period of exposure to heat, the gun-cotton absorbed, as 
it cooled during the night, the water impregnated with acid which had been previously 
expelled from it. Experimental proof was, however, obtained that ordiuaiy gun-cotton, 
when exposed to 65° in vessels not closed by mercury, and so arranged that any libe- 
rated acid would not escape from contact with the material, was more rapidly and seri- 
ously affected than was the case in the globe-experiments. 

Experiment 110. — Four specimens taken from different samples of gun-cotton, ex- 
posed in a dry state to 65° in very long and narrow-necked flasks, seven hours daily 
for seven days, sustained no loss of weight. From the tenth to the fourteenth day after 
the first exposure all showed slight signs of decomposition, which proceeded with some- 
what different rapidity in the several samples ; two of them were completely decom- 
posed In three weeks after first exposure, the other two resisted for very considerably 
longer periods. 

Experiment 111. — ^Two other samples were similarly exposed to heat side by side ; 
nitrous vapours became distinctly apparent six days after first exposure to 65°, and conti- 
nued visible until the twelfth day’s exposure. After three weeks’ exposure, the specimens 
had lost 30 per cent, in weight, and were converted chiefly into soluble gun-cotton. 

Experiment 112. — ^The protracted exposure of air-dry gun-cotton to a temperatoe 
ranging between 60° and 65° in a vessel to which air had access, did not effect any greater 
iteration in the material than was observ^ed in the globe-experiments. Thus 53*968 
grms. of air-dry gun-cotton, after exposure to heat seven hours daily for ten days, 
weighed 53*902 grms. ; after a further exposure for seven days it weighed 53*882 grms., 
and after a third exposure for five days it weighed 53*881 grms. The sample had there- 
fore only sustained a loss of 0*10 per cent 
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113» — ^Two other specimens, weighing 44 and 34 gnm, weie mcposed day 
and night ki a hot*air chmnber, to a temperature ranging between 85° and 50°. The 
specimen were weight periodit^y, in an air-dry conditi<ai. After &e Inpe of ten 
weeks one sample had lost 1T8 per cent., and the other 1*56 per cent. 

In conducting these quantitatiye experiments, it was observed that the espospore of 
gun-cotton fca* a protr^ted period to a moderately elevated temperature had the effect 
of redncmg the hygroscopic power of the fibre, so that upon exposure of gun-cotton 
which had been thus heated to the atmosphere, the maximum proportion of moisture 
absorbed by it was very notably lower than that contained in the original sample. The 
actual loss sustained by the above samples, which were always weighed after exposure 
to ah’ for definite periods, was therefore somewhat less than indicated by the numbeis 
given. 

Past m.— INFirEJS'CE EXEETED UPON THE STABILITY OF GUN-COTTON BY SPECIAL 
MODES OF PEEPARING AND PEESEETING IT. 

I. ReducUon of gwnrCoUon fibre to a fine state of division. — Abundant proofs have 
been obtained that the long-continued washing and the treatment with an alkaline liquid 
"to which gun-cotton is submitted, do not completely separate from it products of the 
partial oxidation of organic impurities retained by the cotton up to the time of its con- 
version. This is unquestionably due in great measure to the tubular structure of the 
fibre. If the impurities were merely upon the surface of the fibre, their perfect removal 
by the action of solvents should be accomplished without difficulty, but it does not appear 
that even long-continued digestion of gun-cotton in alcohol has the effect of completely 
freeing it of the impurities soluble in that liquid which are locked within the fibre. 
The action of a warm or cold alkaline liquid upon the material might perhaps eventually 
result in the complete removal of these bodies, but the loss of product and destructive 
effect upon the fibre, resulting from any other than a brief digestion in a very dilute 
alkaline bath, are too considerable to admit of such a treatment. The following expe- 
riments may be quoted in illustration of this. 

Experiment 114. — A quantity of gun-cotton which had already been submitted to tihe 
usual purification with water and a hot alkaline bath, Wf^ boiled for ten minutes in a 
solution of potassic carbonate of the strength usually employed (of specific gravity 1*02). 
By this treatment the material sustained a loss of 3*7 per cent., the bath having assumed 
an amber colour. Upon being again boiled for twenty minutes in the smne AaHne 
bath, which thereby bo^ame considerably deep^ed in colour, the sample sustah^ a 
further loss of 12 ’09 per cent. The strength of the fibre had b^u consid^mbly uedmsed 
by riiis treatment. 

Experiment 115. — 6*5 grms. of gun-cotton and 0*4 grm. of sodic <mrboBsle were phwjed 
together with 50 cub. centims. of water in a flask to which a ccmdenser was 

attach^ and were heated to 100° for tw^ve hours. The alkali was thm found to haw 
become nearly neutralized, and the dark brown liquid contah^ ^^c nitmte in aln»- 
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^bime, l^e gun-a)ttc«i was washed and twice treated m the same mannei’, the tJWi 
hmsg neutealked on ^wdi occasion, as in the first instance. 

But though it is evident that the treatment of gun-cotton with warm alkaline baths, 
cannot be advantageously extended, satisfactory proof has been obtained that the stability 
of gun-cotton which has been purified as fer as is possible by the present system, may 
be importantly increased by submitting the material to a special process of washing. 

In the experiments instituted upon the application of gun-cotton as a substitute for 
gunpowder, some very advantageous results have attended the conversion of the material 
into homogeneous masses of any dearable form or density, by preparing it according to 
the method commonly employed for converting rs^s into paper. In reducing the mate- 
rial to a very fine state of division by means of the ordinary beating- and pulping-machines, 
the capillary power of the fibres is nearly destroyed, and the gun-cotton is, for a consider- 
able period, very violently agitated in a large volume of water. It would be very difficult 
to devise a more perfect cleansing process than that to which the gun-cotton is thus sub- 
mitted ; and the natural result of its application is that the material thus additionally 
purified acquires considerably increased powers of resisting the destructive effects of heat. 
Samples of the pulped gun-cotton even in the most porous condition have been found 
to resist change perfectly upon long-continued exposure to temperatures which deve- 
loped marked symptoms of decomposition in the gun-cotton purified only as usual (expe- 
riments 94 and 95 may be referred to in illustration of this). 

The pulping process applied to gun-cotton affords therefore important additional 
means of purifying the material, the value of which may be further enhanced by em- 
ploying a slightly alkaline water in the pulping-machine. 

II. Impregnation of gun-cotton with substances capable of neutralizing free acid. — The 
slightest change sustained by gun-cotton is attended by the development of free acid, 
which, if it accumulates in the material, even to a very trifling extent, greatly promotes 
decomposition. Ufumerous experimental data have been collected with respect to the 
establishment and acceleration of decomposition in gun-cotton exposed to light or elevated 
temperature by free acid, which either is present in the imperfectly purified material, or 
has been developed by decomposition of gun-cotton or its organic impurities. 

Experiment 116.- — Samples of gun-cotton which, by exposure to elevated temperatures 
or for considerable periods to strong daylight, had sustained changes resulting in a con- 
riderable development of acid, have afterwards been thoroughly purified by washing and 
exposed to light for months, and in some instances for two and three years (up to the 
present time) without undeig^ing further change, w^hile corresponding ^mples, confined 
in closed vessels without being purified, have continued, in some instances, to undergo 
decomposition, mad the original substance has been completely transformed into the 
products repeatedly of. Instance have, however, occurred in these experimente 

(a^ have idimdy been quoted) in vritich gun-cotton bas resisted further change, ewm 
ru^er ritese circamstaaim 
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Experiment 117. — Gnii-eotton, purified as usual, has been confined in stoppered glass 
bottles, haTing preTiously been rendered slightly acid with nitric acid. In these instances 
the gun-cotton has always undergone decomposition upon exposure to light, the rapidity 
of its change varying with the quality of the material. 

Experiment 118. — Two specimens of Waltham Abbey gun-cotton (coarse and fine 
yam) were introduced into well-stoppered bottles, and pernitric oxide was then passed 
into tho^ for a short time. The bottles were then tightly closed and placed in a dark 
cupboard, being inspected from time to time. The gas was rapidly absorbed by the 
gun-cotton, which assumed a green tinge and gradually contracted, the colour of the 
vapours in the bottles slowly becoming deeper again. After the lapse of two months 
both samples had contracted into compact masses, occupying less than one-fourth the 
original volume. Both were coloured green, and dark orange vapours filled the vessels. 
From this period the pernitric oxide diminished in quantity very gradually, until, about 
eighteen months after commencing the experiment, the atmosphere in the bottles was 
perfectly colourless. The coarse gun-cotton had passed into a viscid mass, exhibiting 
the usual characters ; the fine gun-cotton, though it contracted to about one-tenth of its 
original volume, still retained to some extent its original appearance ; cr^^stals of oxalic 
acid were dispei'sed through the mass. 

Experiment 11 9. — Two other samples of gun-cotton employed in the preceding expe- 
riment were placed in bottles into which nitrous acid, produced by means of starch, was 
passed. These bottles V'ere afterwards also placed in the dark. The gas was gradually 
absorbed by the gun-cotton, the atmosphere in the bottles became colourless, and both 
samples were highly bleached. After the lapse of two months, a faint orange colour was 
exhibited, but the specimens of gun-cotton had undergone no apparent change whatever. 
Three months later, the bottle containing the coarse yam exhibited deep orange vapours, 
the gun-cotton had contracted somewhat and assumed a green tinge. The other sample 
exhibited no signs of change, but a faint orange tinge was manifest in the bottle, which 
did not increase afterwards. Twenty-eight months after the commencement of the expe- 
riment this sample exhibits no signs of change beyond a very slight contraction. The 
coarse yam has contracted to about one-third its original volume, is friable, and partly 
soluble in water. 

Pernitric oxide, if left in contact with gun-cotton, is therefore much more rapid in 
its destractive action than nitrous acid ; gun-cotton when confined together with either 
of them, undergoes gradual decomposition even in the dark.*' 

Experiment 120. — A sample of gun-cotton which had been found to decompose very 
readily at 100°, was placed in a retort suitably fitted with a delivery-tube, and the gases 
disengaged from it were passed into four bottles containing different samples of gun- 
cotton. These were then perfectly closed and exposed to strong daylight. 

The first sample soon began to exhibit signs of change. The colour of the vapours 
increased in depth, and in one month’s time had become very deep-coloured, the gun- 
cotton having assumed a greenish tinge from absorption of gas. The sample was then 
placed in the dark, after which it underwent further change veiy gradually, first con- 
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tracting considerably and afterwards, after the lapse of upwards of one year, becoming 
converted into a somewhat hard gum-like mass. 

In the case of the second and third samples, the coloured vapours disappeared at first 
almost entirely, but the atmosphere in the bottles became coloured again after one month’s 
exposure to light. The depth of colour increased so rapidly in one instance that two 
months after first exposure to light the bottle was placed in the dark. The change in 
the two bottles then proceeded at about the same rate. The specimens contracted very 
slowly, and the nitrous vapours disappeared gradually. At present, 2J years after com- 
mencement of the experiment, the specimen which has been exposed to light is scarcely 
as much changed as the one which after a time was placed in the dark ; both have con- 
tracted to about one-half their original volumes, but have preserved their normal appear- 
ance ; a few very minute crystals (probably oxalic acid) are perceptible upon the sides 
of the bottle which has been kept in the dark. 

The fourth sample (prepared at Waltham Abbey in 1863) has resisted change to a 
remarkable extent. The vapours were at first entirely absorbed, and the gun-cotton has 
become slightly bleached. A faint orange tinge was first observable in the bottle after 
it had been exposed to strong daylight for six months. Nitrous vapours were then 
slowly evolved until the depth of colour was somew^hat considerable. After the lapse 
of several months they gradually diminished again, and ultimately disappeared once 
more, after about eighteen months’ exposure. After the lapse of 2-j years the gun- 
cotton has contracted only slightly, but exhibits no other signs of change. There can 
be no doubt, however, judging from this contraction and from the evolution of vapours 
at one period of exposure, that this sample has suffered change which would not have 
occurred had it been exposed to light under ordinary conditions. 

The experiments in sealed tubes which have been described, — the results of examina- 
tion of gases collected from gun-cotton which has been exposed to heat for long periods 
in contact with them, — and the general existence of nitric acid in samples of decom- 
posed gun-cotton,, appear to show that the first effect of exposure of the ordinary mate- 
rial to sufficient heat is the disengagement of pemitric oxide and the production of 
water, by which the former is converted into the nitric and nitrous acids ; the latter, if 
allowed to remain in contact with the heated gun-cotton, is gradually reduced to nitric 
oxide, and finally the nitrogen becomes deoxidized at the expense of hydrogen and 
cai'bon, oxalic and carbonic acids being eventually furnished by the latter. The nitric 
acid produced attacks the gun-cotton at the same time; the presence of very small 
quantities of this subi^nce in gun-cotton greatly accelerates the decomposition of the 
material by heat. 

Experiment 121. — One drop of concentrated nitric acid introduced into vessels con- 
taining 2 or 3 grms. of gun-cotton, invariably brought about rapid decomposition at 
comparatively low temperatures (55° to 65°) ; and by operating at tempemtures between 
70° and 100° with small samples of gun-cotton to which as small a quantity as possible 
of dilute nitric acid was added, they were in this way generally converted into the gum- 
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like prcMinct, in a few honrs, though instances occurred occasionally in which, even under 
these severe conditions, the material resisted decomposition to a remarkable extent. 

In many experiments instituted with ordinary gun-cotton at 90° and 100° it was found 
that, if the mode of operating were such as to facilitate the escape from the apparatus 
of any acid vapours evolved, the gun-cotton would frequently resist decomposition id 
a remarkable manner, being only very gradually converted into the final products ; the 
two following experiments demonstrate how greatly decomposition at 100° C. cstn be 
retarded by impeding the destructive action of acid generated by the exposure to a high 
temperature. 

Experiment 121®. — Weighed quantities (about 1'5 grm.) of dry gun-cotton were 
loosely packed into two narrow U-tubes, which w^ere immersed in a water-bath and con- 
nected with an aspirator. The gun-cotton was in both instances maintained during the 
day at 100° C. A moderately rapid current of air was passed through one tube, and air 
was allowed to circulate veiy^ slowly through the other. At night both tubes were 
closed up with corks. Their weight was determined at intervals ; the following were 
the results obtained : — 


Loss sustamed bj gun-cotton exposed to 
Duration of exposure. slow current. rapid current. 

24 hours (4 days) 17’47 percent. 4’8 per cent. 

40 hours additional (7 days) . 32*43 ,, 4*12 „ 

196 hours additional (28 days). 5*04 „ 

Total loss of weight, in 11 days 50*90 „ In 39 days 13*96 „ 


The results of these and the preceding experiment warrant the conclusion, that as 
soon as acid becomes Liberated in gun-cotton changes are developed in the material 
which would not be brought about by its simple exposure to heat, provided no free acid 
were present in it. If therefore it be possible to neutralize, at the instant of its liberation, 
any acid w^hich may be produced by the effect of elevated temperatures upon the com- 
paratively unstable impurities contained in small quantities in gun-cotton, the latter 
might be expected to resist alteration under circumstances which, if the first acidity Tvere 
not counteracted, must determine the decomposition of the material. 

Beference has been made in this paper, on more than one occasion, to the influence 
which certain mineral impurities of general occurrence in gun-cotton (earthy carbonates) 
were observed to exert upon the rapidity with which the substance sustamed alteration, 
upon exposure to heat. Some samples, which were heated for comparatively considerable 
periods without exhibiting signs of change, were found to contain much larger propor- 
tions of calcic and magnesian carbonates than specimens with which, in other respects, 
they were identical. 

This observation led, at an early st^e of these investigations, to careful observations 
of the comparative effects of high temperatures (100° and 90° C.) upon a variety of 
samples, which were known to vary as regards the proportions of earthy and alkaline 
carbonates distributed through them. Some specimens were repeatedly rinsed in distilled 
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water (whereby the larger proportion of earthy carbonates attached to the fibre was 
removed) and exposed to heat in comparison with corresponding specimens pot thus 
treated. Some other samples were extracted with dilute acid and washed ; but as acetic 
acid was u^d in most of those experiments, the results of their exposure to heat (expe- 
riments 90-93) were not of the nature anticipated, for the reason, as already explained, 
that the treatment in question removed not merely carbonates but also a proportion of 
the organic impurities. The extraction of the gun-cotton with dilute hydrochloric acid 
does not remove organic impurities ; and, as has already been shown, this treatment has 
the effect of rendering ordinary gun-cotton more susceptible to the destructive effects of 
high temperatures. 

A considerable quantity of Waltham gun-cotton, after having been purified in the 
usual way, was saturated with a solution of sodic carbonate of sufficient strength to 
deposit from 0*4 to 0‘5 per cent, of the salt in the gun-cotton, after the latter had been 
expressed in the hydro-extractor and dried. Portions of the material thus prepared were 
carefully washed out in distilled water and submitted to heat in comparison with corre- 
sponding samples of the “ alkalized ” gun-cotton. The washing process did not merely 
extract the sodic carbonate, it also effected the mechanical removal of a large proportion 
of the earthy carbonates deposited upon the gun-cotton during the long-continued washing 
in spring- or river-water. 

The results observed in this series of experiments are given in the two following 
Tables. 


Table VII. 


1 X 0. of ; Description of 
lexpen- ' gun-cotton. 


Quan- 

tity 

em- 

Iployed-j 


jFine yam, Wal- 
tliam, impreg- 
nated with 0’4j 
per cent, of sodic] 
carbom^. 


123 >The same descnp- 
‘ tion as used in] 
espenmeat 122. 


Total expo- 
jsure to 100° C. 


|ll hours in 
3 days (Hj 
hour on the} 
3rd day). 


^ Interval be- | | 

'tween firster- Loss of weight; 


first signs of 
decom- 
position. 


sustained by | 
the I 
gun-cotton. ! 


Temperature oteervations. 


Other observations. 


'7 hours . iXot observed During 4 J hours’ heating on the 1st, The coloration of the atmosphere 


day no indieation-» of a rise ofi 


Ifii hours in 
3 days (2^ 
hours 
3rd day). 


12*6 per cent 
in 14 houi^l 
(2 days). 


temperature were obtained. After until after 3 hours' treatment or 
2 hours’ heatmg on the 2nd day, ; 

the temperature rose very slowly, 
reaching 106° C by the close or pared with that in expenments 
the day’s experiment , an mterval 
of 1 day elapsed before the expe- 
riment was resumed. Upon ex- 
posure to heat on the 3rd day, 
the temperature speedily exceed- 
ed 100°, in H hour it had reach- 
ed 113° C., and soon afterwards] 
the gun-cotton exploded. 

]At the close of the 1st day (after 
6J hours) the temperature rose 
slowly to 102° C.; on the 2nd 
day it rose gradually to the same 
temperature and remained sts- 
Uonaiy durmg 6 hours. On the 
Srd day itrose gradually to 104°‘5, 
and remained stationary for H 
hour , the thermometer then rose 
Bomewhatiapidly to 1 13° C , mid 
the gun-cotton exphded almost 
imme diately aftennurds. 


in the vessel was only very faint 


made with corresponding quan- 
tities of ordinary gun-cotton. 


jThe coloration of the atmosphere 
m the fla A was very famt on the 
first day, and there was only a 
slight incim^ in colour untd the 
thermometer passed 104° C. on 
the 3rd day. 


2 H 2 
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Table VII. (continued.) 


Description of 
gun-cotton. 


roloyed. 


Quan- 

tity 


Total expo- 
sure to IW^C. 


Interval be- 
jtween first ex-j 

S ure and 
s^s of 
decom- 
position 


jLoss of wei^tj 
sustained by 
the 

gun-cotton. ^ 


Temperature observations 


Other observations. 


|The same as in ex- 
penmrait 122. 


125 |The same as in ex- 
I perunent 122. 


127t 


The same as ex-j 
perunent 122,1 
but -washed re-| 
peatedly in 
distilled water 
This treat- 
ment not only 
extracted the] 
alkali, but 

parated m 

of the earthy 
carbonates at- 
tached to the 
, I fibre. 
iCoarse yam, Wal- 
tham, impreg-, 
^ nated wi& O'Sj 
I per cent, of sodic: 
' carbonate. 


jl6 hours in 
3 days. 


INoneobservedpTone sustam-j 
I ed. 


jjfo increase of temperature indi- 
cated. 


|22 hours m 
4 days. 


|22 hours in 
4 days. 


14 per c. after'.Ifo rise of temperature on the Istj 
3rd day, 4'5 day After I hour’s heating on the; 
per c. after 2nd day. the thermometer indi- 
4th day, cated 101°, and remained station- 

total loss ary throughout the day. On the 

18 5 per c. 3ra day the thermometer rose to 
104° in 1 hour, but had fallen 
again to 100° in 15 minutes : no 
further change occurred up to 
termination of the experiment. 


.lAfter 45 minutes' heating the tem- 
perature rose rapidly .116° was! 
indicated shortly before tlK f 
pie exploded. 


At the close of the Ist hour’s heatit^ 
the temperature rose rapidly. In) 
10 nunutes it had reached 1 IS*" ' 
and m 5 minutes more it wa 
118°; the gim-cotton explode^ 
almost immediately afterwards. 


jlt was observed about 1 hour after 
commencing the apenment that 
a very sm^ quant% of water 
had i^netr^ed into the flask 
throng tiie cork, which had been 
accidentally immereed in the 
water of the hath for a short time. 
The gun-ootton remained per- 
f«jtly unchanged , it was dried 
at the close of the experiment, 
and found to have sustain^ no 
loss in weight. 

jTh^itrous-acid vapours were only 
faint np to the rise of tempera- 
ture on the 3rd day, and were 
never abundant. The colour of 
the gun-cotton was not altered. 
It 'h«d an acid reaction and 
slightly pungent odour after the 
treatment , its explo-siveness did 
not appear diminished Tlie 
aqueous extract gave a faint in- 
dication of mtric acid, did not 
reduce cupric salts, nor furnish 
a precipitate with calcic chloride 
The solubihty of the gun-cotton 
in ether and alcohol IM notably 
increased. 

The results of these two expi'n- 
mentssliould he compared with 
those obtainedin the preceding 
expenment, and with those 
furnished m expenment 29 
Tablel.byfi Sgrms of thesame 
sample of gun-cotton, which 
had not been im prcgnated with 
alkali, nor submitted to the 
extifa-wasbng process. 


[The first nse in temperature was 
observed after 3 hours’ heating 
on the 3rd day. The thermo- 
meter rose gradually to 110°, but 
soon began to fall again, and had 
returned to 100° before the close 
of tile 3rd day. No change oc- 
curred on the 4th day 


ijNitrous acid was abundantly evolv- 
ed for a short time on the 3rd 
day. The gun-«)tton after the 
experiment had a pale brownish 
colour, but the small portion sur- 
rounding tile upper part of the 
thermometer htd h^me black- 
ened and hard, in wnseqimnce 
of tiie destiuctive action exerted 
by the moisture charged with 
add, which eondeased upon the 
thermomder-stem and fell uiwn 
that jfflrt of tile Munple. The 
aqueous extract ecmtained nitric 
add, no oxaUc add, and r&iuced 
cupric salts slightly. The gun- 
cotion to a extent 

m and tdcohol. 


♦ This experiment famished an important indication of tiw preservative ^sst of moisture. The gun-cotton ww not wet hut 
only thoroug^y damp. 

t A third ecperiment, corr^Kmdmg to th«B two, furnished precaely similar mulls. 
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Table VIT. (continued.) 


No. ol 
eiperi 
ment 

Description of 
gun-cotton. 

Qaan- 

tiiy 

em- 

ployed 

Total expo- 
sure to 10(P C 

Interval be- 
tween first ex- 
posure and 
^t signs of 
decom- 
po»tion. 

Lossofwdght 
sustained % 
the 

gun-cotton. 

129 

The twme as expe- 
nment 128, tat 
washed repeat- 
edly in distillec 
water. 

gnus 

6-5 

20 hours in 

3 days. 

4 hours 

Not observed .1 

1 

130 

Tlie same as expe- 
riment 129, but 
very carefully 
washed m dis- 
tilled water. 

6-5 

22 hours m 

4 days. 

2'' 30” 

.. „ 

131 

Medium -size yam, 
Waltham. ' 

e. 

21 hours in 

3 days 

3 hours 

20 per cent.... 

132 

Sameas experiment 
131 .butcarefully 
washed in d^ 
tilled water. 

i I 

6-5 

21 hours m 

3 days. 

PSO”. . 

31 per cent.... ’ 

i 

j 

133 i 

1 

SameasexpOTiiaent 
131,butextxacted 
With dilate add 
and afterwards 
earefiiHy washed. 

6-5 

1 

21 hours in 

3 days. 

1 hour 

34*6 per cent, j 

134 ' 

Medium-size yam, 
another sample. 

65 

20 hours in '! 
3 days. 

2 hours £ 

20*3 per cent, i 

135 

Sameas experiment 

6-5 

^ hours in 

1^45” 



134, tat repeat- 
edly soaked and 
washed in dis- 
tilled water. 


3 days. 




Teinpemture observations. 


Other observations. 


the 1st day after 4 hours’ heating dant after 5 hours’ heating du- 
It rose to 109° in 30 minutes nng 1 hour. The gun-cotton as- 
and remained stabonary till the sumed a brown colour The 
close of the day. On the 2nd day aqueous extrw:t contamed nitnc 
it rose gradually to 104°, and after acid, a little oxalic acid, and re- 
remauuDg stationary for some duced cupnc salts abundantly 
time, gradually returned to KKf The msoluble portion was feebly | 
No change observed on the 3rd explosive, and almost perfectly ' 
day. soluble m ether and alcohol " i 

After 2 hours’ heating the tempera- The substance had contractetl eon- 
ture rose, and had reached 103° siderably, was brown and pulve- ; 
by the close of the 3rd hour, and rulent, soluble to a consulcrdble ! 
109° in another hour. On the extent in water, the solutn n ex- ! 
2nd day the thermometer rose to hibiting the usual reactions 
102° m 30 minutes after com- 
mencing, and reached 106° m 15 
minutes more. It soon after- 
wards began to fall, and had re- 
turned to 100° by the close of the 
6th hour. No rise of tempera- 
ture occurred on the 3rd and 4th 
days. 

The temperature began to increase The gnn-cotton became dissolved 
slightly at the close of the 3rd on the 2nd day. At the conelu- 
hour , the maximum temperature sion it was brown and pulveru- 
1 10° was iwhed m 3“ 50“. The lent, partially soluble in water , 
thermometer then soon began to the solution contained a minute 
fall, and after nearly 7 hours' total quanbty of oxabc acid, and re- 
heating, had returned to 100° duced cupric salts abundantly. 
No change of temperature on the The residue dissolved m ether 
2nd and 3rd days. and alcohol, furnishing a homy 

brittle substance, which defla- 
grated when heated. 

The temperature rose gradually The substance had sustained the 
above 100° after hour's heat-| .same alteration as m the preced- 
ing In 2^ 50® It had reached ing experiment, but was soluble 
1 1 1 ° , the thermometer fell slowly to a larger extent m water, 
soon afterwards , m S’* 30“ from 
the commencement it had re- 
turned to 105°, and indicated 
100° in 6 hours after commence- 
ment No change on the 2nd and 
3rd days. 

The temperature began to rise before The colour of the product was 
expiration of the 1st hour. In deeper than the two preceding, 
2^ 15“ it had rmched 1 10° ; the and a very large proportion was I 
thermometer then fell and re- soluble m water, 
turned to 100° by the close of the 
lat day’s experiment. 

ifter 2 hours’ beating the tempera- 
ture rose gradually and reached 
1 1 1°*5 at the expiration of the 3rd 


100° by the close of the 1st day’s 
heating No change on the 2nd 
and 3id day. 

he temperature began to nse after 
the lapse of I** 40“ , in 3** 7“ it 
had r^uflied 118° 5. In another 
hour it had fallen to 103°*5, and 
it returned to 100° by the do^ 
of the 1st day. No sulMequent 
nse. , 


colour, were strongly acid and 
Imble. The unwaged gun- 
cotton furnished the largest 
^portion soluble in water. 
The aqueous solutions fumidh- 
ed the usual reactions. 
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Table YII. (continued.) 


No. of I 
[experi- 
ment. 


Description of 
gun-cotton. 


Quan- 

tify 

em- 

Iployed-j 


Total expo- 
jsureto 100° C 


Intm^al be- 

[tween first ex- Lo® of wraghti 


posure and 
fost signs of 
decom- 
position. 


sustained by 
the 

gun-cotton. 


Temperature observations. 


ftiher observations. 


Coarse jErfa , ' 
cated”. 


137 Coarse yam, “ not. 65 
I silicated ^ 


|22 hours in 
4 days. 


j3^ 25® i24 per cent.. ij After S'* 30® the thermometer began* 

to rise. In 4 hours it indicated 
107°, and m 4J hours 110°. It 
soon afterwards began to fall, re- 
turning to 107° by toe close of the 
5 to hour. On the 2nd day it rose 
to 104° 5 m 30 minutes, but soon 
fell ^am slowly to 100“ after toe 
lapse of 4 hours. No further 
clmnge 

hour, ex-'30 minutes ... Not observed . The temjierature began to rise in 35 
ploded. 1 j 


[The stunple had sustained the usual 
changes, but did not yield a very j 
large proportion of ^ubk mat- ] 
ter to water. j 


iThis sample was of the same date 


I 


minutes, it reached 107° in SSj of manufacture as toe sihcated 
i minutes, rising very rapidly j specimen used m experiment 15. 


Table VIII. 


No. of 
experi- 
ment. 

Nature of 
gun-cotton. 

Quan- 

tify 

em- 

ployed 

Duration of 
exposure to 
90° C. 

First indica- 
tion ot decom- 
position after 
commence- 
ment of expe- 
riment 

loss of 
weight 

138 

Pme yam, Wal- 
tham, impreg- 
nated with 0‘6 
percent of sodic 
CJffbonate. 

gnns. 

85 

36 hours in 

6 days. 

26 hours; 6to 
day. 

In 6 days ; 
2 22 per c. 

139 

Coarse yam, Wal- 
tliam, impreg- 
nated with 0 4 
per cent of sodic 
carbonate. 

3 

77 hours in 

12 days. 

9 hours; very 
fcant. 

In 6 days , 
3'9 per cent 

140 

Fine yam, contain- 
ing 0'5 per cent, 
of sodic carbo- 
nate. 

2 

i 

1 

32 hours m 

6 days. 

30 hours; 6th 
day, very 
fount 

In 6 days . 

1 2 73 per c. 

141 

1 

1 

Coarse yam, con- 
taining 0*4 per 
centof sodic car- 
bonate. 

2 

32 hours in 

6 days. 

15 hours; 3rd 
day, very 
i faint 

In 6 days, 
1 17 per c 

142 j 

1 

Same as experi- 
ment 4, but re- 
peatedly washed 
in distilled water | 

4-5 

i 

i 

32 hours in 

6 days. 

1 hour 

In 6 days, 
40-6 per c. 

143 

Same as expen-j 
ment 3, but re-| 
peatedly washedj 
indistiiled water.] 

2 

32 hours in 

6 days. 

3 hours. 

In 6 days ; 
10-5 per c 


Other observations. 


!a very small quantity of carbonic acid tocaped from the flask on the 
2nd day , on the 3rd day the quantity was a little more considerable 
The temperature having accidentally risen to 95° on the 6th day, 
nitrous acid was for the first time disenpged At close of the expe- 
riment, the gun-cotton was perfectly white , it had an acid reaction, 
but toe strength of fibre and explosiveness were scarcely affected. 
iThe nitrous vapours were never disengaged abundantly. Tlie gun- 
cotton became of a buff colour by the close of the experiment , it 
was friable and soluble to a considerable extent in water, and m ether 
and alcohol. 

jThe mtrons vapoure were never more than faint. The gun-cotton 
furnished a slightly acid aqueous extract, m which neither nitric nor 
oxalic acids could be detected, and which did not reduc* cupnc 
salts. The solubility in ether and alcohol was scaw^ly affected 
The gun-cotton was almost odourless, only very feintly acid, and exhi- 
bit no change in explosiveness or other properties. 


INitrous acid was abundantly evolved 1 hour after commmwment of 
experiment. The gun-cotton became brown, friable, soluble to a 
considerable extent in water, and in ether and alcohol. 

The gun-cotton was strongly add, and a small proportion was dis- 
' solved in water, the solution reducing cupnc smts , the proportion 
soluble in ether and alcohol had considerably incTMsed. 


It will be seen that, in the experiments instituted at 100° C., with very considerable 
quantities of the “ alkalized” gun-cotton (experiments 122 and 123) seven and eight 
hours elapsed before any symptom of decomposition was observed, while in opemting 
with similar quantities of ordinary gun-cotton (experiments 26 and 27) decomposition 
became manifest in two hours and four hours. A comparison of experiment 27 with 
experiments 122 and 123, also shows riiat when once the gun-cotton began to undergo 
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considemble change, the decomposition proceeded much more rapidly in that material 
than in the alkalized samples. 

The influence of the small proportion of alkaline carbonate in retarding the decom- 
position of the gun-cotton becomes still more evident when smaller quantities of the 
material are experimented with. It is well illustrated by the results of experiment 29 
(Table I,), and those famished by an equal quantity of the same gun-cotton impregnated 
with 0*4 per cent, of sodic carbonate. The former exhibited the first indications of 
change in three hours, the latter in seven hours, after first exposure. The temperature 
of the ordinary gun-cotton afterwards rose much more rapidly and considerably, and 
the loss of weight sustained by it in three days’ exposure was nearly double that which 
the “ alkalized” sample suffered in four days’ treatment, and the alteration sustained by 
the latter specimen was comparatively slight. 

But the protective power exerted by small proportions of carbonates is even more 
strikingly demonstrated by a comparison of experiment 125 with experiments 12 G 
and 127. While the “alkalized” sample exhibited no signs of change until after the 
lapse of seven hours, equal quantities of the same sample, purified from carbonates by 
washing, exploded after exposure to 100" for 1-25 hour. Experiment 128, made with 
another description of gun-cotton, also impregnated with a small proportion of sodic 
carbonate, is similarly illustrative of this protective power when compared with experi- 
ment 28, Table I., and with experiments 129 and 180, conducted with equal quantities 
of the original gun-cotton and with the same material freed from carbonates by w^ashing. 
The comparison of experiment 131 with 132, and of 134 with 135, affords proof that 
the small proportion of earthy carbonates ordinarily existing in gun-cotton exert a de- 
cided protective action, and experiment 133, conducted with a specimen from whicli 
these carbonates had been completely extracted by acid treatment, furnished further con- 
firmation of this point. 

In the experiments instituted at 90"" C., Nos. 138-141, conducted with samples of 
“alkalized” gun-cotton, also afford important proof of the protective effect of small 
quantities of carbonates, upon comparing the results with those furnished by experi- 
ments 142 and 143. The first of these samples scarcely sustained any alteration by ex- 
posure for thirty-two to thirty-six hours to 90° C. during six days, while the specimens 
of ordinary gun-cotton were considerably altered by similar treatment. 

Experiments 136 and 137 afforded a very decided proof that the silicating process 
prescribed by Von Lenk exerts some amount of protective influence upon gun-cotton 
when exposed to heat, though this result is not due, as supposed by him, to the closing 
up of the fibre by an insoluble silicate, but simply to the deposition of a small quantity 
of earthy (and possibly of alkaline) carbonate upon the fibre when the silicate undergoes 
decomposition during the (hrying and the subsequent washing process. The amount of 
protection thus afforded to the gun-cotton is, however, obviously as liable to variation as 
that resulting from the deposition of calcic and magnesian carbonates upon the material 
during the long-continued immmmon in flowing water. Numerous specimens of gun- 
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cotton which had been silicated, varied greatly in their powers of resisting change at 
high temperatures, but they were invariably rendered decidedly more prone to change 
if thoroughly washed in distilled^ water previous to their exposure to heat. 

It is remarkable how veiy^ small a proportion of a carbonate deposited upon the fibre 
of gun-cotton, exerts a notable influence upon its power of resisting the effects of heat. 
Thus, a portion of a sample of gun-cotton which had been carefully freed from carbo- 
nates, was saturated with perfectly clear lime-water, wrung out and dried. Upon ex- 
posure to 100° in comparison with an equal weight of the sample purified from carbo- 
nates, the very small quantity of calcic carbonate which had been deposited upon the 
gun-cotton proved sufficient to delay to a notable extent the period of first decomposi- 
tion, and to modify somewhat the results of change produced by exposure for a definite 
period at 1 00° C. 

In experiment 138, conducted at 90° C., the alkalized gun-cotton vras heated in a flask 
to which a delivery-tube was attached, and the gas which escaped w^as examined. It 
W’as then observed that, upon the second day’s exposure, a very small quantity of carbonic 
acid was continuously evolved ; that the quantity increased somewhat upon the third 
day ; and that no nitrous vapours escaped until the sixth day, when the temperature 
was accidentally raised to 95°. Carbonic acid was then still evolved in small quantity. 
Similar eridence of the slow decomposition of the carbonate, which always preceded 
any disengagement of nitrous acid, was obtained in other experiments. 

Some experiments were instituted in sealed tubes with the gun-cotton impregnated 
with 0*4 per cent, of sodic carbonate. 

Experiment 144. — A specimen was enclosed in a tube with air at the atmospheric 
pressure, and exposed to 100° C. for 3f hours, on the first day, during which period no 
trace of nitrous vapour was risible. It w^as afterwards heated to 100° six hours daily for 
thirteen days, and no coloration of the air in the tube was observed at any time during 
this treatment. After four days’ exposure, the tube was opened and gas escaped under 
somewhat considerable pressure. The tube was sealed up again, and at the close of the 
experiment it was opened once more, when gas escaped only under slight pressure. The 
specimen became discoloured in a few' places after some time (which is invariably the 
case when gun-cotton containing alkaline matter is exposed to a high temperature), but 
exhibited no other signs of change. In similar experiments conducted with ordinary- 
gun-cotton, deep nitrous vapours were observed in the tubes within three hours from the 
commencement of the experiment, and the material was always converted into a gum- 
like mass ; in some instances the tube exploded violently after a time. 

Experiment 145. — An experiment similar to the preceding was instituted wdth alka- 
lized gun-cotton in a more closely packed condition, the tube being exhausted, filled 
with nitrogen, and re-exhausted before sealing. This tube was heated to 100° for ten 
hours (in two days), and afterwards left exposed to light for twenty-four hours, without 
the slightest coloration by nitrous vapours being observed. On being again heated, 
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very faint nitrous vapours were observed after two hours’ exposure; these did not 
increase at aU, but disappeared entirely after continuation of the heating fox four hours 
longer. When the tube had been heated for six day§ the point was opened,' and gas 
e^ped under considerable pressure. The tube was again closed and heated for nine 
days, six hours daily ; upon afterwards opening it, gas escaped only under slight pressure. 
It was again heated to 100° for seven days, when the tube was accidentally fractured by 
the effects of a neighbouring explosion. At this time the gun-cotton had become 
darkened in some places and had an acid reaction, but exhibited little other signs of 
change. 

Several experiments were conducted with gun-cotton containing considerably larger 
proportions of sodic carbonate than the samples previously employed, for the purpose of 
obtaining data with regard to the progressive changes resulting from the protracted 
exposure of “ alkalized ” gun-cotton to heat. The results obtained are fairly represented 
by the followii^ selected experiments. 

Experiment 146. — 6 o grms. of Waltham Abbey gun-cotton were impregnated with 
0*45 grm. of sodic carbonate. The air-dry specimen was exposed to 100° (for five to six 
hours daily), being loosely packed in a narrow-necked flask. Small weighed quantities 
of the sample (from 0‘07 to OT grm.) were removed from the flask for examination each 
morning before heat was again applied. The darkening, always produced by heating 
gun-cotton with an alkalized substance, commenced upon the first day’s exposure to heat, 
but no other effect was noticed; after six days’ exposure the gun-cotton was still 
slightly alkaline, the coloration having gradually increased, until some parts exhibited 
a brown tint. In other respects the substance was unchanged. After the ninth day’s 
heating the gun-cotton was found to be quite neutral. About one-fifth of the speci- 
men was then removed for examination. Water extracted the colouring-matter entirely, 
and a brown solution was obtained, in which sodic nitrate and nitrite were readily 
detected. The liquid also reduced cupric salts slightly. The gun-cotton itself had not 
suffered any change in explosiveness or strength of fibre, nor had the solubility in ether 
and alcohol increased appreciably. 

The exposure of the sample to 1 00° C. was continued for seven days longer. On the 
sixth day a small portion was examined and found still to be neutral. On the seventh 
day, the atmosphere in the flask was found to have an acid reaction, though no nitrous 
vapours were perceptible. 

Upon determining the weight of the gun-cotton (with deduction of the portions used 
during the experiment), it was found by calculaticm that the loss which i| had sustained 
during exposure to heat for 100 hours (in sixteen days) was greater than would have been 
caused by the complete expulsion of carbonic acid from the carbonate employed. The 
aqueous extract was highly coloured, the gun-cotton being left almost colourless. Sodic 
nitrate and nitrite existed plentifully in the liquid, and the latter reduced cupric oxide 
in an alkaline solution. The washed gun-cotton was found, as might have been anti- 
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cipated, to haTe sustained a greater loss than would have been caused by the extraction 
of the alkaline base entirely in the form of nitrate. The gun-cotton soluble in ether and 
alcohol now contained in the specimen amounted to 6 ’98 per cent.; the material ori- 
ginally contained 2*3 per cent., the increase amounted therefore only to 4’68 ][^r cent. 
The proportion of nitrogen-oxides which would have been liberated by the reduction to 
that extent of trinitrocellulose even to the lowest of the substitution-products would 
not have sufficed to decompose the sodic carbonate present. It would appear from 
these results that the principal effect of the veiy long-continued exposure of this 
‘‘ alkalized ” gun-cotton was to establish a verj" gradual action of the alkaline carbonate 
upon the gun-cotton (resulting in the production of glucic acid, &c.), and that even the 
first stage of decomposition (consisting in the reduction to soluble gun-cotton) caused 
simply by the action of heat upon the ordinary material, only proceeded to a very slight 
extent during the sixteen days’ treatment. 

Experiment 147. — 6’5 grms. of gun-cotton were impregnated with 0*38 grm. of sodic 
carbonate. The sample wns thoroughly dried and exposed to 100^, as in the preceding 
experiment. After the lapse of three days a weighed sample of the gun-cotton was 
examined. It had darkened somewhat, was alkaline, and exhibited no change of pro- 
perties. After six days’ exposure it was still alkaline, and its solubility in ether and 
alcohol had not increased appreciably; upon the ninth day the sample was found to be 
neutral. The experiment was then stopped, the gun-cotton wns extracted with water, 
and the proportion of nitrogen-acids existing in it as sodium-salts was determined by 
means of nascent hydrogen. The result showed that less than four-tenths of the sodic 
carbonate employed had been neutralized by those acids, the remainder existing in com- 
bination with organic acids. Traces of ammonia w^erc evolved during the treatment of 
the gun-cotton in this and the preceding experiment, and the loss in weight sustained 
by the material was greater than would have been occasioned by the simple expulsion of 
carbonic acid from the carbonate. The solubility in ether and alcohol of the sample 
had only increased to about double the original proportion. 

It was of course impossible actually to demonstrate by experiment whether the small 
proportion of organic acid produced in these experiments, which exhibited the proper- 
ties of reducing cupric oxide in an alkaline solution, was glucic acid, resulting from the 
action of the alkali upon the gun-cotton, or whether it consisted of the pectic acids found 
in the products of spontaneous decomposition ; but as abundant proof exists that the 
latter are only the products of a secmdary change resulting from the action upon gun- 
cotton of liberated nitrogen acids (see especially experiments 165 and 166), there appear 
to be very good grounds for the conclusion that the results observed in these experiments 
were mainly ascribable to the action of the alkaline carbonate upon the gun-cotton and 
the organic impurities present, and that the effects exclusively due to the' protracted 
exposure of the substance to 100° were limited to the liberation of a very small propor- 
tion of nitrogen-acid, which was at once neutralized, the only change produced in the 
gun-cotton consisting therefore in the decomposition of the small quantities of compara- 
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tive!y imstable organic impurities, and in a slight increase of the proportion of soluble 
gun-cotton*. 

The power posseted by carbonates to prevent or arrest the decomposition of gun- 
cotton when exposed to high temperatures, has been demonstrated in a striking manner 
by some experiments which have, at the same time, furnished evidence in support of 
the conclusion that the organic impurities contained in gun-cotton constitute the primaiy^ 
cause of its susceptibility to change under the influence of heat and light. 

Experiment 148. — Specimens of gun-cotton were exposed in flasks to 90° and 100° 
until decomposition wns established to such an extent that the vessels were filled with 
deep-coloured vapours; a small quantity of calcic or magnesian carbonate was then 
introduced into the flask, or the gun-cotton was removed from the vessel, dusted over 
with a carbonate, and immediately replaced. Decomposition was at once arrested by 
these means ; moreover, the gun-cotton no longer exhibited any susceptibility of decom- 
position even if exposed to 90° and 100° for several successive days. 

Experiment 149. — About 6 grms. of ordinary gun-cotton were dusted over with finely 
pulverized potassic bicarbonatef and exposed to about 95° in a long-necked flask, side by 
side with a corresponding quantity of the same specimen of gun-cotton in its ordinary con- 
dition. The “alkalized” gun-cotton gradually darkened upon the second day’s exposure, 
eventually assuming a brown colour. After exposure to the above temperature during 
five days for seven hours daily, the unprepared gun-cotton began to evolve nitrous vapours 
abundantly. The examination of a small specimen showed that the sample had under- 
gone very little change, the solubility in ether and alcohol having slightly increased. 

It was now removed from the flask, dusted over with the powdered carbonate, and 
immediately re-exposed to heat. All decomposition ceased, the gun-cotton behaving 
exactly like the specimen which was originally alkalized, except that the usual darken- 
ing took place very slowly indeed. When it had, been maintained at 95°-100°, seven 
hours daily for eight days, it W’as still alkaline ; after treatment with water, it exhibited 
all the original properties of the gun-cotton ; the solubility in ether and alcohol had 
undergone no increase since the alkaline salt was applied;];. 

The other specimen to which the carbonate had been applied in the first instance, was 
examined after exposure to 95° for seven days. The aqueous extract had a brownish 
colour, and reduced cupric salt to a very slight extent. The extracted gun-cotton was 
perfectly white ; the strength of fibre, explosiveness, and solubility in ether and alcohol 
had undergone no change. It was now dried and again exposed in a clean flask to 95°— 

* The analysis of a specimen of soluble gun-cotton into which the ordinary material had been entirely con- 
verted by the gradual action of heat, hs^ famished results which appear to indicate that trinitroceUnlose may 
become solnble in ether and alcohol withont undergoing any modification in its ultimate composition. This 
point is now being made the subject of further investigation. 

t The object of employing this salt was to exclude any protective effect which might be exerted in the course 
of the experiment by the absorption of moisture, if a calde, magnesian, or sodic carbonate were employed, and 
a small quantity of the corresponding nitrate were produced. 

X The exposure of this sample to 100® was afterwards continued for three weeks withont any effect .—^ itne 1867. 
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100°. During six days it has not exhibited the slightest indication of decomposition ; 
no acidity has yet been developed in it, and it is still unchanged in all its properties*. 

It would appear from these experiments that a carbonate applied in the most simple 
manner to gun-cotton in which decomposition has been established, will effectually arrest 
the change ; and that if gun-cotton containing a carbonate be exposed for some time to 
heat, the latter promotes the transformation of the unstable organic impurities into 
products fixed by the base, the result being that the gun-cotton undergoes a searching 
purification from these substances, and afterwards exhibits, in consequence, remarkable 
stability under very severe conditions of exposure to heat. 

A number of experiments has been instituted on the comparative effects of exposure 
to 90° and 60° C. of samples of gun-cotton impregnated with different proportions of 
alkaline carbonates ranging from 1 to 10 per cent., the object being to ascertain whether 
the fii'st-named proportion would suffice to afford security against the development of 
free acid in the gun-cotton, even under conditions of exposure to heat much more severe 
than could ever be met v^ith in actual practice, or to determine what proportion might 
be necessar}^ for that purpose. The results of these experiments showed that 1 per cent, 
of sodic carbonate, uniformly distributed through gun-cotton, produced but very little 
darkening effect upon the material, even when the latter was exposed seven hours daily 
for several weeks (three weeks and upwards) to 95° or 100°, and that no free acid was 
developed by a continuation of exposure to 95°-100° for three weeks. Gun-cotton 
containing 2 per cent, of the carbonate did not change colour to a much greater extent, 
and exhibited still a distinct alkaline reaction after exposure to 95°-100° for four weeks. 
Samples containing from 4 per cent, upwards of alkaline carbonate darkened very con- 
siderably upon long-continued exposure to heat ; and a trifling loss in weight was sus- 
tained by them, in instances when the treatment was continued between four and five 
months. This loss somewhat exceeded that which would have been simply occasioned 
by expulsion of the entire carbonic acid contained in the sodic salt, and furnished 
evidence of the escape of small proportions of volatile matter. The strength of the fibre 
was not appreciably affected even in the experiments continued for a considerable period 
at 90°— 100° with the samples containing the highest proportion of carbonates. The 
colouring matter produced by the action of the alkali was entirely extracted by water ; 
and the properties of the gun-cotton were unchanged. 

It therefore appears that, although the presence of somewhat considerable proportions 
of alkaline carbonate (even as much as 10 per cent.) in gun-cotton does not exert any 
important action which can be pronounced prejudicial even under very severe conditions 
of exposure to heat, a proportion as low as 1 per cent, suffices to protect the material, 
for a longer period than ever could occur in actual practice, from the destructive action 
of such acid as may be liberated by the decomposition of the organic impurities or by 

* The exposure of this sample to 100® was coatinued for a total period of thirty days, idter extractioa of the 
carbonate, without any change resulting. A portion of the specimen was then exposed, seven hours daily for 
throe days, to 115®, and it did not exhibit any symptom of change until the dose of the third day . — Jum 1867. 



ME. ABEL’S EESEAECHES ON GTJN-COTTON. 


23S 


tike very giradual efect of a high temperatures (00^-100°) upon the pure gun-cotton, 
llie introduction of considerable quantities of saline matter into gun-cotton necessarily 
gives rise to tiie production of smoke and to some deposition of solid residue, upon the 
explosion of the substance, and although the amount of both these products would then 
still be very trifling as compared with those of a corresponding character resulting from 
the explosion of gunpowder, it is inad\isable that they should be unnecessarily increased. 
It therefore appears preferable to limit the extent of impregnation of gun-cotton with 
sodic carbonate to 1 per cent.* It has been abundantly demonstrated by the experi- 
ments detail^ and by one instituted upon a more considerable scale, to be presently 
described, that even the introduction of one-half that proportion of sodic carbonate into 
gun-cotton serv'es to aflbrd it sufficient protection under conditions of exposure to heat 
exceeding in severity and duration any which the material would have to encounter if 
substituted for gunpowder in all directions. 

III. Protective action of Wat €^\ — In one of the earlier experiments on the effects of 
exposui’e of gun-cotton to 100"^ (experiment 124, Table VII.), it was found that the 
accidental introduction of a very small quantity of water into the vessel containing the 
gun-cotton, afforded most perfect protection to the material, which exhibited no signs of 
change during sixteen hours’ exposure to 100°, and had not sustained any loss in weight 
at the close of the experiment. This power possessed by water (or aqueous vapour) of 
preserving gun-cotton from decomposition at high temperatures f is remarkably at variance 
with the influence exerted by moisture, if confined together with gun-cotton under pro- 
tracted exposure to bright daylight and sunlight, in wffiich case there appears no doubt, 
from the results which have been described, that the aqueous vapour operates in deter- 
mining to a slight extent the decomposition of the material. 

Further illustrations, though less striking than the one above quoted, were furnished 
of the protective effect of aqueous vapour, by the comparative tardiness with which 
certain samples of gun-cotton containing more than the ordinaiy proportion of hygro- 
scopic moisture underwent change by exposure to high temperatures {vide experiments 
38, 39, and 40). This preservative power of water has received the fullest demonstration 
from the results of a considerable number of experiments, the nature of which is fairly 
represented by the following examples. 

Experiment 160. — hank of gun-cotton was suspended in the upper part of a capa- 
cious flask containing distilled water tinted with litmus. The water was maintained in 
rapid ebullition for several hours, tiie greater portion of the steam condensed in the 
neck of the flask and upon the gpin-cotton, returning to the body of water. At the con- 
clusion of the experiment the tint of the litmus (compared with a standard) had not 
been affected in the slightest, and the gun-cotton was perfectly neutral and unaltered. 

* It k aeareely necessary to observe that this carbonate is selected for introduction into the gun-cotton 
because, while its solubility affords the means of ite uniform distribution through a mass of material, it poss^ses 
no tendency to increase the hyj^oscopic properties of the latter. 

t Bee ako pp. 1&9 and 200. 
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Experiment 161. — A long wide glass tube was loosely filled with gun-cotton. One 
extremity was drawn out to a beak which was immersed m water tinted with litmus, 
the other end was connected with a small boiler from which a rapid current of steam 
w$s passed over the gun-cotton, uninterruptedly, seven hours daily for three days. Kot 
the slights! alteration was produced in the colour of the litmus, and the gun-cotton was 
unchanged. 

Experiment 152. — A stout glass tube, closed at one end, was partly filled with gun- 
cotton ; sufficient water was introduced to cover the latter, and the tube was then sealed 
and exposed to 100° seven hours daily for six days. When the tube was opened no 
gas escaped, the water was not acid, and the gun-cotton exhibited no signs of alteration. 
The open tube was afterwards exposed to strong daylight and sunlight ; after the lapse 
of eight months the gun-cotton was found to have a very faint acid reaction, and a 
minute trace of nitric acid was detected in the water. The proportion of matter soluble 
in ether and alcohol had very slightly increased. 

Experiment 153. — Some gun-cotton was saturated with water, which was afterwards 
expressed to such an extent that the specimen was difficultly combustible when held in 
a flame. In this condition the sample was exposed in a sealed tube to 100° seven hours 
daily for twenty-four days. When the tube wns opened, no gas issued from it ; the 
gun-cotton exhibited a very faint acid reaction, but no other signs of change. The open 
tube containing the moist specimen was afterwards exposed to strong daylight and sun- 
light for six months ; the gun-cotton was then found to have a decided acid reaction. 
It was digested with a small quantity of water ; the aqueous extract was acid to test- 
paper but not to the taste ; nitric acid was detected in it, but no oxalic acid ; potassic 
hydrate imparted to it a faint yellowish tinge, and the alkaline liquid reduced cupric 
salts to a slight extent. The proportion of matter extracted by ether and alcohol was 
about double the amount originally existing in the sample. The strength of fibre was 
unaltered, and there was no appreciable diminution in the explosiveness of the gun- 
cotton. 

Experiment 154. — 7 grms. of gun-cotton were thoroughly moistened by being sus- 
pended for some time in an atmosphere of steam ; the sample was then placed in a flask 
the sides of which were previously moistened. This flask was connected by a delivery- 
tube with another containing water, and was also fitted with a straight narrow glass 
tube. A small quantity of steam was passed into the flask from time to time as the 
moisture became partially expelled during the experiment. After three days’ exposure 
to 100° (six hours daily), a weighed sample was removed for examination. The gun- 
cotton had become slightly discoloured in a few places, where it was in immediate 
contact with the sides of the flask. Water extracted a minute quantity of colouring- 
matter; no other effect of the exposure to heat was observed. The gun-cotton was 
again heated to 100° for five days (six hours daily) ; it was then removed, the flask 
dried and weighed. By the^ eight days’ exposure to 100° in a moist atmosphere it had 
sustained a loss of only 1-7 per cent. A weighed sample was again examined, it fur- 
nished a very feint indication of acidity. The reactions of nitric add could not be 
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obtained with the aqueous extract ; the proportion of matter extractable by ether and 
alcohol had yery slightly increased. 

The sample was again moistened, and exposed to 100® as before, for nine days ; at the 
expiration of this period it had sustained a further loss of 1 *01 per cent. The total loss 
during the seventeen days’ treatment amounted therefore to 2*71 per cent. The condi- 
tion of the sample was now as follows : — it had darkened in a few places where in close 
contact with the glass, and possessed a faint odour, such as is always observed in gun-cotton 
which has been stored for some time in a warm locality ; its acidity had not increased, 
but a faint reaction of nitric acid was obtained in the aqueous extract after concentration 
to a small bulk. A trace of lime was also found in solution (evidently as calcic nitrate 
produced from carbonate in the sample). The proportion of matter extracted by ether 
and alcohol amounted to 4*1 per cent. ; in its original condition the sample contained 
2*3 per cent. 

Experiment 155. — 6*5 grms. of gun-cotton were saturated with moisture and placed 
in a flask fitted with a straight narrow^ glass tube of considerable length, for the purpose 
of rendering the expulsion of water very gradual. After exposure to 100° six hours 
daily, for three days, the specimen was still moist. The examination of a weighed 
sample did not furnish the slightest indications of change. The same negative result 
attended the examination of a second sample after further exposure of the gun-cotton 
to 100° for three days. The apparatus now contained but very little moisture ; after a 
renewed exposure for three hours to 100°, a very faint coloration by nitrous vapours was 
observed in the flask ; a sample was examined, but beyond a faint acidity no signs of 
change were detected. The heat was continued for four hours more on the same day, 
at the expiration of which the coloration in the flask w^as somewhat more distinct ; but 
there were no signs of nitrous vapours on the following morning. The indication of 
change in the gun-cotton was still limited to a very faint acidity. The sample was once 
more heated for six hours, during which period no trace of moisture w^as deposited u|xjn 
the cool portions of the glass. Nitrous vapours appeared again in very small quantity, 
and did not increase up to the termination of the experiment ; but on the following 
morning the apparatus contained deep-coloured vapours. The gun-cotton was now^ 
extracted with w'ater ; the liquid contained a small quantity of nitric acid, but did not 
reduce cupric salt. The washed gun-cotton was almost perfectly soluble in ether and 
alcohol; the insoluble portion amounted only to 1*25 per cent. 

Experiment 156. — 6*5 grms. of gun-cotton in an air-dry condition were placed in a 
capacious flask (the interior surface of which had been previously moistened) fitted wdth 
a long narrow glass tube. A piece of litmus was suspended in the neck of the flask. 
Shortly after the gun-cotton had been first exposed to 100® the litmus gradually assumed 
a wine-red tint, and when the heating had been continued for five hours, the q)aper had 
become bleached. There was no other indication of change. At the expiration of the 
second day’s heating, the small quantity of water which had condensed in the neck of 
the flask exhibited an acid reaction, and the gun-cotton possessed the peculiar odour 
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which has repeatedly beea referred to. Towards the dose of the thh^ day no iamce of 
moisture was visible in the cool portion of the fla^k ; a very smdl quantity was de|K>- 
sited some distmace up the quill-tube. Soon afterwards a fiunt coloration by nitrous 
vapours was observed, which had very considerably increa^ by the following morning. 
The gun*cotton was then found to be acid, the strength of fibre and explosiveness haif 
both diminished ; the aqueous extract contained nitric acid, but not oxalic acid, nor did 
it reduce cupric salt even when highly concentrated. About three-fourths of the washed 
gun-cotton dissolved in ether and alcohol, a portion being rapidly dissolved, the re- 
mmnder more slowly ; the more soluble part yielded a tough collodion film^. 

The following points of interest and importance are established by the results of thes® 
and other similar experiments. 

(1) Gun-cotton immersed in water perfectly resists decomposition when exposed for 
long-continued periods to 100° C. ; and this severe treatment has no effect upon the ma- 
terial, even if it is only in a moist condition, or confined in an atmosphere of aqueous 
vapour. But if the moist specimens are exposed to bright daylight and sunlight for a 
considerable period, the water or aqueous vapour does not exert the same protective 
power (see experiments 2 and 4, and p. 192). 

(2) If the water or aqueous vapour is allowed to escape during exposure to 100° 
until the gun-cotton and the atmosphere surrounding it have become almost dry, decom- 
position commences very gradually ; and by arresting the change at a particular period 
the material is found to be completely reduced to soluble gun-cotton, without the 
formation of any appreciable amount of the secondary products which result from the 
action of liberated acid upon the cellulose-products (see experiments 155 and 156). 

The perfect protection afforded by moisture to gun-cotton at 100° C., under severe 
conditions, rendered any experiments in this direction at somewhat lower temperatures 
unnecessary. The following experiment furnishes, however, interesting confirmation of 
the results obtained by operating at higher temperatures. 

Experiment 15 7. — 69-706 grms. of gun-cotton, in an air-dry condition, and 52*196 grms. 
of the same sample, soaked in distilled water, which was afterwards expressed as com- 
pletely as possible, were introduced into large bottles, into which the stoppers were 
loosely inserted. These were then placed in a water-oven, the temperature of which 
was continually maintained at 60°-65° day and ^night. At the expiration of two 
months both samples were weighed in an air-dry condition. The results indimted a 
loss of weight of 12*8 per cent, in the dry sample, and of only 0*13 per cent, in the 
other. After further exposure of the samples as before, for five weeks, the vessel con- 
taining the dry one was filled with very deep-coloured vapours, and the experiment was 

* This product was sutmitted to analysis. The proportion of carbon found eorr^onded more nearly to that 
contaiiied in tnuitroeeUnlose than to that required hy the formula of the next lower cellulose-product (dud- 
troeellulose). It would appear as though the former had been rendered soluble in ether and alcohol, only a 
small proportioii having suffered reduction. This point is still under investigation. 
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therefore interrupted, and the samples were again weighed. The dry specimen had sus- 
tained a lo^ of 34 per cent., was quite friable, and had become converted partly into 
soluble gun-cotton and partly into the products soluble in water. The sample which 
had been exposed in a moist condition had sustained a total loss of 0*89 per cent., and 
did not exhibit the slightest signs of acidity. This sample was again submitted in a 
moist state to a warm atmosphere, ranging from 55° to 65°, day and night for four 
calendar months. The total loss which it had then sustained after continuous exposure 
to heat for between seven and eight months, amounted to 1*47 per cent. The gun-cotton 
exhibited no acid reaction, and the moisture condensed upon the sides of the bottle gave 
only a faint indication with litmus paper. 

Careftil observations have been instituted upon the storage of considerable quantities 
of the material in a wet or merely moist condition. Ordinary gun-cotton has been 
immersed in sufficient distilled water just to cover it, and has been kept in that condi- 
tion in closed vessels, with light excluded, for 2 J years. It is perhaps scarcely necessary 
to state that the material has not sustained the slightest change, and that the distilled 
water in which it has been preserved is perfectly neutral, the only impurity found in the 
latter being a small quantity of saline matter extracted from the gun-cotton. A portion 
of this sample wus transferred to a large glass bottle twelve months ago, and has been 
left exposed to diffused daylight. This difference in the mode of preserv^ation has been 
quite without effect upon the gun-cotton. 

The principal stock of gun-cotton manufactured at Waltham Abbey for experimental 
purposes, amounting to about 3000 lbs., has been preserved in a moist condition (just 
as obtained from the centrifugal hydro-extractor) in closed cases until required for use, 
some of the packages having been kept for about two years ; a few, specially set apart 
for periodical examination, have been preserv'ed for about three years. I have to record 
no indications of the slightest change except in instances where the gun-cotton had been 
preserved in close contact with the tinned-copper linings of some gunpowder cases used 
for its storage. It was found, after some time, that the surfaces of these became oxidized 
where they were in contact with the moist material, and that this oxidation determined 
the development of an acid reaction in the gun-cotton, which, however, was, and has con- 
tinued to be, confined to the portions in immediate contact with the surface of metal*. 

Gun-cotton in the condition above referred to contains sufficient water to render it 
quite uninflammable, it may therefore be preserved with perfect safety in this convenient 
condition, and may be at any time prepared for use by desiccation. As far as can be 

* The readily oxidizable character of tin and the tendency of a metal to establish, by its own oxidation, that 
of readily oxidizable substances which are in contact with it, are well known. If gunpowder containing even 
the ordinary proportion of moisture i^main in coi^tact with a surface of tin, the metal becomes oxidized and the 
gunpowder acquires an acid reaction, sulphuric add being detected after some time. Sbnilarly, some remark^ 
able instances of the oxidation of iron by ecmtect with somewhat damp gunpowder, attended by the production 
of sulphuric add, have come under my notice 

MDCCCLXTH. 2 K 
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CK>ncluded from thr^ years’ experience, the close packing of gm-cotton in damp 
state is not even in the slightest degree injurious to the structure of the fibre, no 
tendency whatever of the material to become rotten when thus preserved has yet b^ai 
discovered. On the contrary, most decided evidence has been obtained thfd gun-<x>tton 
when kept in a damp condition is very conriderably more pennanent than ordinary cotton, 
or vegetable substances of similar nature. Thus, many hanks of the gun-cotton stored 
in the damp state were .tied with tape and string for purposes of distinction. Upon 
examining these hanks ten months after they had been packed, the tape was in all 
instan(^s found to be almost if not entirely destroyed, crumbling away when touched, 
and being transformed principally into fungoid bodies ; the strings were also quite rotten 
and covered with vegetable growth, but the gun-cotton even in close proximity to them 
was unaffected. Similar results were observed in the case of a number of samples of 
gun-cotton which had been packed in a dry condition in paper envelopes and placed in 
a small very damp chamber. About twelve months after they were stored the paper 
wrappings and strings were found to be covered with vegetable growth and partly de- 
stroyed, while no vestiges of similar growth or other signs of change were detected in 
the gun-cotton. A wooden reel having some gun-cotton yam wound upon it which had 
been kept in the same locality was also found to be covered in all exposed parts with 
fungoid growth, but the gun-cotton in immediate contact with the latter upon the wood 
was unaffected and perfectly free from mildew. This specimen has been preserved 
for another year in a damp atmosphere upon the reel and exposed to light. In some 
parts the mildew has extended to the gun-cotton immediately in contact with the wood, 
but the rest of the material is unaffected. 

Fakt it.— other observations, instituted upon large quantities of gukcotton. 

A series of observations has been conducted for about three years under my direction 
and in accordance with a programme approved of by the Committee on Gun-cotton, for 
the purpose of ascertaining the effects of storage in considerable quantites, under the 
ordinary atmospheric conditions of this country, and under conditions, as regards tempe- 
rature, representing the extremes likely to be met with in tropical climates or in warm 
localities (e. g. the magazines of ships). The gun-cotton, which, with these objects in 
view, was closely packed in large ammunition-boxes, comprised not simply parcels of the 
material as obtained by following the present system of manufacture, but also others in 
-the production of which modifications had purposely been introduced with the view of 
determining the influence vrhich might be exerted, by possible accidental departure from 
one or other of the fixed regulations of manufecture, upon the stability of the material. 
The following is a summary of the observations made up to the present time. 

I. Stomp of Gun-eotton tmder ordinary ccmditiom of temperature, 

(a) Ttw gun-cottm being closely packed in a damp -Attempts have been 

made to ascsertain whether the close packing of gun-cotton in a damp condition would 
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render i4; liable to spontaneous beating. Comparative experiments were instituted with 
gun-cotton, and with cotton-wool in its original unpuritied condition. The materials were 
prepared in two ways; in one experiment they were exposed to an atmosphere saturated 
with moisture until about 5 or 6 per cent, of water had been absorbed ; they weVe then 
closely packed in boxes; in another a small portion was moistened (the excess of water 
being expressed) and packed in the centre of a considerable quantity of dry material. 
These packages were first occasionally exposed to the sun, they were afterwards pre- 
served for several weeks in a chamber, the atmosphere of which was artificially heated ; 
but in neither instance could any indication of the development of heat be obtained, 
although the external temperature frequently reached and sometimes exceeded 50°. 
The inference drawn from these negative results is that gun-cotton is not more liable to 
spontaneous heating than ordinary cotton-wool. The latter was exposed in a damp and 
very closely packed condition, in quantities of from ten to thirty pounds, to a heated 
atmosphere for several months, in order, if possible, to establish spontaneous heating 
under conditions to which gun-cotton might afterwards be submitted, but the experi- 
ments were without result. 

The important evidence which has been collected regarding the perfect preservation 
of damp gun-cotton, when stored under ordinary conditions of temperature, has already 
been referred to. 

(b) The gun-cotton being closely packed in an ordinarily dry condition . — Large ammu- 
nition-boxes were closely packed with gun-cotton of the following kinds : — 

(1) Prepared strictly in accordance with the directions laid down by Von Lenk {L e. 
including the “ silicating ” treatment). 

(2) The same, made up into cartridges. 

(3) Prepared in the ordinary manner, but not “ silicated.” 

(4) Not “ silicated,” and packed together with a few skeins (IJ lb.) of gun-cotton 
which had only been purified by washing in water (the treatment with alkaline water 
having been omitted). 

(5) Not “ silicated,” and packed together with some gun-cotton soluble in ether and 
alcohol. 

(6) Ordinary gun-cotton impregnated with about 0*3 per cent, of sodic carbonate. • 

Pieces of litmus paper were placed in different parts of the various packages. 

Cases containing Nos. 1, 3, and 6 were packed in July and September 1864, and 
stored in a dry lo<»lity. During the summer months the maximum temperatures 
recorded in this store room ranged from 16'’*5 to 24°. About six months after the boxes 
were packed, one of each kind was opened for examination. All the samples had a 
faint peculiar odour like that of pine-wood, which is always developed in the closely 
packed material, and was most marked ii the unsilicated gun-cotton. Some parts of 
the litmus paper enclosed in the latter had assumed a pink tinge, and where it had been 
placed between the gun-cotton mid the metal surface of the packing case, it was decidedly 

2k2 
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reddened in spots; the tin surface, moreover, exhibited slight signs of oxidation in mim 
plsMses where it was in very close contact with the gun-cotton*. 

The litmus in the silicated” and “ alkalized” gun-cotton was unaffected except, again, 
in one or two small places where it had been interposed between the gun-cotton and 
the metal surfaces. The boxes were closed immediately after inspection and examined 
eight months afterwards, when they were found quite unaltered ; the litmus paper in 
the centre of the unsilicated gun-cotton had not been at all affected, but, ^ before, it 
was sightly reddened when it had been in contact with the metal. 

After further preservation for eighteen months the boxes have recently been a^in 
inspected ; their condition is precisely what it was on the previous examination. The 
metal surfaces in the boxes containing the gun-cotton not silicated, exhibited more de- 
cided indications of oxidation where they have been in close contact with the gun-cotton 
than in the other boxes. 

Storage in a closely packed condition for nearly three years has therefore not at all 
affected the gun-cotton in these three states. The material which was not silicated has 
affected, to a slightly greater extent than the others, the metal surfaces with which it has 
been in close contact 

Some other cases containing portions of the stock of gun-cotton, “silicated” and not 
silicated, manufactured in the summer of 1863, and preserved since that time(3f years) 
in a closely packed and ordinarily dry condition, have also been recently inspected, and 
their contents have been found to be as perfect as those of the cases just described. 

The cartridges enclosed in serge bags were packed and stored about 2^ years ago. 
Their condition is unaltered, and the metal cases containing them are perfectly bright. 

The cases containing a proportion of imperfectly purified gun-cotton and of soluble 
gun-cotton (Nos. 1 and 5) were packed early in January 1866. After storage for fifteen 
months their contents have been examined and found to present no points of difference 
from the other packages of gun-cotton above described, the only indications of acidity 
being discovered where the metal surfaces and the gun-cotton were in veiy close contact. 

Steps are now being taken to substitute simple wooden boxes, rendered impervious to 
moisture, for the metal-lined ammunition cases in which these stores of gun-cotton are 
now packed, and which have evidently, in aU the experiments with large quantities of 
gun-cotton, constituted an element unfavourable to the stability of the material, the 
influence of which it is, however, important to have determined. In storing gun-cotton 
it is obnously as unnecessary as it is inadvisable to employ receptacles of metal. 

II. Exposure of large packages of gunrcotton^ in differmi cmditiom^ to heat. 

(a) Preliminary experiment . — ^A wooden box holding 4^ lbs. of gun-cotton when 
closely packed, was fitted with a gutta-percha tube intended to receive a thermometer. 

* A piece of bright sheet tin which was packed on this occasion in the centre of the gun-cotton was exa- 
mined after a period of one year and found to have become corroded in spots, the gnn-cotton having a slight 
acid reacfion at the places where this effect was produced. ^ 
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The sides of the tube were perforated in several places, and it passed horizontally 
through the centre of the box, the openings being closed with corks. The box was painted 
black, and having been tightly filled with skeins of gun-cotton, amounting to about 
4 lbs., it was placed in the open air throughout each day in the month of Augdst 1864, 
in a position where it would be most frequently exposed to the sun’s mys, and would 
also receive the heat radiated from a brick wall *. A registering thermometer was en- 
closed in the tube of the box, and another was placed on the outside, readings being 
taken of both twice daily. The highest temperature indicated upon the exterior of the 
box was generally about 6° or 7° above that of the centre of the gun-cotton. The tem- 
pemture of the latter ranged from 14° (early in the morning) to 38°, while the tempe- 
rature-indications on the exterior of the box ranged between 15° and 47°. The average 
temperature in the centre of the box at 5 o’clock in the afternoon was 32°. At the 
close of the month the box was opened, the gun-cotton possessed the faint odour pecu- 
liar to the material when closely packed, but exhibited no signs of change. 

The box was immediately reclosed (some litmus paper being introduced) and placed in 
a chamber artificially heated. The temperature in this chamber was maintained as con- 
stantly as possible at 50°, but fluctuating a few degrees on either side. During one 
month’s exposure in this chamber the temperature of the centre was stationary at about 
49° for some time on four occasions ; but the maximum temperature attained during 
the day ranged, with those exceptions, between 43° and 47°. At the expiration of the 
month, the litmus paper was found to be reddened, and the gun-cotton had a somewhat 
pungent odour. A portion of it, extracted with a small quantity of cold water, furnished 
a very faintly acid liquid, which, upon being kept in a covered vessel for some hours, was 
found upon the following day to be distinctly alkaline. No nitric acid could be detected, 
and with the exception of the peculiar odour the gun-cotton gave no indication of 
change. It was returned to the box together with litmus paper, and exposed again to 
heat in the chamber for a few days. The litmus had then changed as before. The 
gun-cotton was now removed from the box and frdly exposed to air for an hour, when 
it was repacked together with litmus paper and placed in an apartment at the ordinary 
atmospheric temperature. The contents of the box were inspected weekly ; a very trifling 
reaction was produced upon the litmus in some parts only, and this effect did not increase. 

The gun-cotton was afterwards repacked, a very imperfectly purified skein being placed 
in the centre. It was then kept in the warm chamber for seven months, during which 
period the tempemture of the air surrounding the box ranged between 30° and 50°. 
When the box was afterwards opened the litmus paper was red and rotten, and the 
material po^ssed a pungent odour, but no nitrous vapours were perceptible. One of 
the skeins in immediate contact with the imperfectly purified gun-cotton was extracted 
wdth water, but furnished only a very faintly acid liquid. The box was repacked as 
quickly as possible, all apertures were perfectly closed up, and it was placed in a 

* The box was rranoved iadoors late ia the afternooa and replaced at nine in the morning. It was also 
placed under shelter when rtin fell. 
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magarine. Aft^r tlie of If year it was examined, mad its contents were found 
unchanged, es<»pt that the odour was decidedly less ptmgent than befoj«. 

The date furnished by this preliminary experiment applied to warrant tiie ccmclnsimi 
that further and more extensive trials of the effects of heat upon gun-cotton m%ht be 
safely insrituted. The following experiments were therefore made. 

b. Es^omm'e of a large case of gmircotton to the smCs mgs . — large wooden box uith 
blackmied exterior, and fitted with a central tube to receive the recording thermometer, 
was eompactly filled with rather more than 36 lbs. of gun-cotton, not silicated, which 
had been manufactured two years previously. This box was exposed to the open air on 
all bright sunny days between the middle of April and 1st of October last year ; it was 
placed at a short distance from the brick wall of a hot-air chamber, in a position where 
it would be exposed to the maximum available amount of sunlight. At n%ht and 
during wet weather it was placed under shelter. Readings were taken every two hours 
of the thermometer in the central tube, and of one exposed upon the outside of the box. 
The extreme temperature attained by the centre of the gun-cotton was 36°, the thermo- 
meter upon the box having indicated 49° on that day. Upon several occasions the 
thermometer in the centre of the box recorded 32°*6. The latter generally attained its 
maximum temperature from four to six hours after the highest external temperature 
had been registered. The following are some of the highest readings recorded during 
the 5^ months’ exposure of the box. 


Inside the box. Outside the box. 

April . . . 18*5 27*5 

20 27*5 

21*5 30*5 

26*5 40 

May , ... 19 27 

20 35*5 

22*5 37*5 

20*5 29 

29 44 

26*5 39 

25 42*5 

June ... 20*5 43*5 

20*5 43'5 

19*5 27*5 

26*6 . 36*5 

32*5 46*5 

25*5 34*5 

25 37 

S3 47*5 


Inside the box. Outside the box. 

July .... 26*5 32*5 

36 49 

31*5 40-5 

31*5 40 

25*5 37 

32*5 45 

26*5 36 

28*5 43 

August . . . 22*5 40*6 

24 39*5 

22*5 39 

22*5 43*5 

24 41 

23 30*5 

23 36*5 

September . . 16*5-27 20-31 



m. ABBL’S ON OUN-COTTON. 


243 


Wkm box was opened, the litmus paper was found to have assumed a pii^ tinge, 

and the usual hunt odotu: of confined gun-cotton was somewhat more manifest than if 
the box had been preserved undmr ordinary atmospheric conditions, but the material 
itself was quite unchmsged. ‘ 

c. Ea^swre of gunrcotton in different eonditiom to a heated atmo^here in a confimd 
sgtace . — chamber was constructed of brickwork, and suitably fitted for the reception of 
a number of large ammunition-boxes. A system of iron pipes, standing in the centre of 
the chambers, was supplied with hot water from a boiler placed in a shed distinct from 
the chamber and heated with gas. By this arrangement, the atmosphere in the room 
could be maintained at artificial temperatures without risk of accident. 

The boxes in which the gun-cotton was packed were the large ammunition-cases 
employed in military service, and consisted of thin tinned-copper cases enclosed in stout 
wooden boxes and very tightly closed with double lids. Experience showed, some time 
after the exj^riment was set on foot, that the employment of these metal-lined cases 
was unquestionably prejudicial to the gun-cotton, as the very slightest development of 
acid in the latter, where it was in actual contact with the sides of the case, established 
oxidation of the metal surfaces, whereby in turn the alteration of the gun-cotton at tho^ 
parts was considerably promoted. 

Each case was fitted with a central tube to receive a registering thermometer, in the 
same way as the black boxes already described. The gun-cotton was closely packed, and 
the description of material placed in the several boxes was varied (as shown in the fol- 
lowing Table) with the view of examining the effects of different modifications in the 
manufacture upon the power of gun-cotton to resist the effects of heat. 

In the first instance, the temperature of the hot-air chamber was raised as rapidly as 
possible to between 49° and 50°, and then maintained at that temperature (within narrow 
limits on either side) for several hours daily, periodical readings of a thermometer 
exposed in the room and of those enclosed in the central tubes of the boxes were 
recorded. The heating of the chamber was commenced at six in the morning; the 
maximum temperature was generally attained at about eleven o’clock, and it was 
maintained (for seven hours) until six in the afternoon. 

After the first day of the experiment the temperature of the air in the chamber at six 
in the morning was always from 8° to 11° lower than the temperatures recorded in the 
boxes, excepting on the Monday morning, when the difference amounted only to between 
1° and 3°. The rapidity with which the temperature rose in the interior of the boxes 
varied somewhat ; the thermometers were stationary, or fell slightly for about two hours 
after the heating was commenced ; at the close of that period the air in the chamber 
was generally (except on Mondays) 10° or 12° higher than that of the centre of the gun- 
cotton, the latter then rose gradually, almost reaching the maximum in ten hours, but 
stiU rising 2° or 3° in the last two hours. Even after seven hours’ exposure to air at the 
maximum temperature, the contents of the case were, in the centre, from 5° to 9° cooler 
than the external air. The daily records of temperature obtained from the different 
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boxes during three months’ exposure to a maximum temperature of 60° were very uni- 
form, and not the slightest indication of any development of heat in the mass of the 
gun-cotton was obtained in any one instance. The maximum temperatures within the 
boxes were always considerably below the temperatures of the air in the chamber at the 
time, the difference rangmg between 6° and 11° excepting on Mondays, when the boxes 
nevm: reached so high a temperature as on other days. 

At the termination of three months it was decided to raise the temperature of the 
chmnber to between 64° and 65°. The experiment was conducted as before, and readings 
of the thermometers were taken every two hours. The temperature of the chamber was 
generally raised to 64° by about eleven in the morning (sometimes earlier), and was main- 
tained as constantly as possible at that temperature for seven hours. On 79 days out of 
195, the temperature of the room reached 55°-5, and continued so from two to four 
hours. During three months no indication of development of heat was obtained in any 
one of the boxes ; the temperature-records within these at the close of the day were 
during this period (excluding Mondays) from 6° to 11° below that in the chamber itself, 
and the highest maximum temperature attained by the boxes up to the termination of 
that period was 49°. One of the boxes then furnished indications of some development 
of heat in its contents ; it was therefore removed, and the experiment was continued 
with the remainder of the boxes. During the last three months the maximum tempe- 
ratures recorded in the several boxes confined in the chamber, more nearly approached 
that of the air surrounding them ; the differences between the readings of thermometers 
within and outside the boxes at six in the evening ranged between 5°-5 and 1°. 

The following is a tabulated statement of the descriptions of gun-cotton operated 
upon, and the duration and results of their exposure to heat. In the statements given 
in this Table, of the lowest and the mean of the temperatures recorded in the several 
packages, the readings obtained on Mondays have not been included, as they were con- 
siderably below those of the other five days in the week, in consequence of the chamber 
and boxes having cooled down during Sundays. 




Mi>CCCLX?n. 


— The above samples of gun-cotton which had been exposed to heat for 6, 6J, 7, and 8 months had not altered approciablv in strength of fibre or 6X]doBiveness After having been thoroughly purified from 
acid, they could not be distinguished from the original gun-cotton, except that they were somewhat whiter, as though prepared from a superior quality of cotton-wool. 
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The results of these experiments were as follows : — 

(1) Gun-cotton closely packed in metal-lined cases, of considerable size, in two of 
which some imperfectly prepared gun-cotton was purposely included, sustained uniformly 
a daily exposure for twelve hours , during three months to a heated atmosphere, the 
temperature of which generally ranged fpom 49° to 51° for a period of seven hours, 
without furnishing any indication of the development of heat within the mass of the 
gun-cotton, consequent upon chemical change. 

(2) The further exposure of these packages for another period of three months to a" 
heated atmosphere, the temperature of which generally mnged during seven hours daily 
between 54° and 55°, resulted only im one instance in the development of heat in the 
gun-cotton ; and the particular box which, at the expiration of the six months’ treat- 
ment, furnished this indication that its contents were undergoing decomposition, was 
filled with gun-cotton in the condition which all previous experiments had indicated as 
least capable of resisting the effects of prolonged exposure to heat; being, namely, 
almost free from substances (carbonates) which would exert a neutralizing action upon 
any acid generated by decomposition of the comparatively unstable impurities existing 
in the gun-cotton. 

(3) ^ The box which next furnished very slight indications of the development of heat, 
after exposure for 6| months, contained gun-cotton through which a small proportion 
of earthy carbonates had been distributed by its submission to the so-called “ silicating 
process,” but in the centre of which a specimen of imperfectly purified gun-cotton had 
been packed. There is no question that this box would have furnished much earlier 
indications of the occurrence of chemical change in its contents, if the gun-cotton prin- 
cipally composing the latter had not been protected for a considerable period by the 
presence of carbonates from the destructive effects of acid Hberated from the imperfectly 
purified gun-cotton which was packed in the centre of the box. 

(4) A box of “ silicated ” gun-cotton containing a small quantity of soluble gun-cotton 
not silicated, was the next to exhibit symptoms of decomposition, after having been ex- 
posed to heat for seven months. Numerous experiments have shown that the soluble 
gun-cotton is not more prone to decomposition than the most perfectly converted mate- 
rial ; but the sample packed in the centre of this box was not protected by carbonates, 
and therefore doubtless sustained change considerably sooner than the chief portion of 
the contents of this box, promoting an alteration in the latter, after the lapse of some 
time, when the protective effect of the carbonate had become neutralized. 

(5) The box which was entirely filled with gun-cotton, prepared strictly according to 
Von Lexk’s system, including its submission to the “silicating” process, only exhibited 
a slight indication of intemal development of heat after having been exposed for eight 
months to a heated atmosphere. The protective effect exerted by the small proportion of 
earthy carbonate deposited in the gun-cotton as a result of the “silicating” treatment 
was, in this instance, not diminished by the presence of any gun-cotton not thus treats, 
and consequently the contents of this box resisted change for a longer period than the 
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“ silicmted ” gun-cotton in the two other boxes (2 and 3). Moreover, this gun-(»tton, 
though exposed to heat for two months longer than the unsilicated gun-cotton (in No. 1 
box), WM found upon examination to have evolved considerably less acid. 

(6) The gun-cotton which had been uniformly impregnated with only 0-3 per c^nt. of 
«>dic carbonate fomished no signs whatever of development of heat up to the period 
when the experiment was interrupted, having been, at that time, exposed for ten months 
to a heated atmosphere, the temperature of which ranged, for seven hours daily during 
seven months, between 54'’ and 55°. It is much to be regretted that a careful examina- 
tion of the contents of this box after so prolonged and severe an exposure to heat was 
prevented by an accident. 

(7) The condition of the gun-cotton after exposure to heat in the three boxes first 
removed was very similar. Although the material was* found to be highly impregnated 
with nitric oxide and nitrous acid (the development of which there is everj^ reason to 
believe had been very considerably promoted by the large metal ^ surfaces of the boxes 
which were in close contact with the gun-cotton), the decomposition had not proceeded 
in any one of the boxes to such an extent as to produce an alteration in the explosive 
and other properties of the gun-cotton. 'W’hen the latter had been purified from the 
free acid developed in it, no difference could be discovered between it and the original 
material, except that it had become slightly bleached. The gun-cotton from boxes 1 
and 2, after being purified by digestion in alkaline water and subsequent repeated 
washing in distilled water, was dried, repacked and returned to the hot-air chamber. It 
now contained no carbonates whatever by which the destructive effect of acid, if deve- 
loped, could be retarded or prevented ; but the boxes, each containing eleven pounds of 
this gun-cotton, were exposed to heat for three months, the temperature of the air ranging 
from 54° to 55°*5 for seven hours daily, and no indication whatever of development of 
haat was obtained in either instance. (The purified gun-cotton from boxes 3 and 4 was 
also repacked and returned to the chamber at later periods.) 

After the heat-experiments described above had been continued between eight and 
nine months, two barrels, fitted with tubes for thermometers, each containing about 
twenty-three pounds of gim-cotton which was neither “ silicated” nor impregnated with 
sodic carbonate, were placed in the chamber, the object being to obtain direct proof of 
the extent of influence exerted by the metal surfaces in the cases employed in the other 
experiments, upon the behaviour of the gun-cotton itself. 

Two other much smaller metal-lined cases, each containing about five pounds of gun- 
cotton, were also placed in the chamber at this time ; one of them was filled with a 
sample which had already been subjected to severe exposure to heat and had subse- 
quently been purifi^ from acid, and the other was filled with disks prepared by com- 
pressing gun-cotton which had been reduced to pulp. Lastly, an ammunition case con- 
taining twenty4hree pounds of gun-cotton, which was impregnated with a more con- 
siderable quantity of sodic tmrbonate than employed in the first experiment, was added 
to the contents of the chamber. The heating of the latter to 54°-55° was continued 

2l2 
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for about six weeks, when an explosion occurred, which destroyed the chamber and the 
whole of the samples, excepting some of the compressed gun-cotton. 

As is generally the case in accidents of this kind, the immediate cause of the explo- 
sion could not be traced with certainty. The usual periodical readings of the tiiermo- 
meters enclosed in the packages had been taken shortly before the explosion occurred, 
and all the temperatures last recorded were below that of the air in the chamber, which 
had been at 55^*5 from two till six o’clock ; not one of the packages had furnished any 
indication that heat was developed, but the temperature in the two small boxes was 
considerably higher than in the larger packages ; the comparatively small volume of 
gun-cotton became much more rapidly heated throughout, so that the temperature 
recorded in these instances at the close of the day’s heating was generally within 2° 
of the maximum external temperature. It appears most probable, therefore, that the 
small parcel of gun-cotton which had already suffered some change by exposure to 
heat, and which had since been exposed for six weeks to a heated atmosphere ranging 
between 54^ and 5o°*5 for seven hours daily, eventually jsustained further alteration, 
which, though very gradual for a time, at length increased to such an extent that heat 
was very rapidly developed, raising the gun-cotton to the temperature required for its 
explosion within a comparatively brief period. The experiments made at 100° C. with 
small quantities of gun-cotton which have been described in an early part of this paper 
(p. 197), demonstrated that, when once a considerable decomposition of the substance 
bad set in, the development of heat was very rapid indeed. It was believed, how- 
ever, that the first establishment of decomposition would in all instances be indicated 
by so gradual a rise of temperature that frequent periodical observations of a thermo- 
meter placed in the centre of packages of heated gun-cotton would always afford the 
means of canying on experiments of this class with security, a belief which was strongly 
supported by the results of the experiments carried on for periods of five, six, and ten 
months with the five large packages of gun-cotton. The power to resist serious decom- 
position upon continued exposure to a highly heated atmosphere had proved so unex- 
pectt’dly great in the case of every one of those experiments, that it was conridered im- 
portant to ascertain, if possible, the full extent of those powers ; and hence, with what 
proved to be undue reliance upon the infallibility of the measures adopted to guard 
against accident, the experiments were protracted and the variety of the tests increased, 
far beyond the extreme limits necessary for the attainment of their original object, which 
was to ascertain how far gun-cotton, either of ordinary manufacture, or atxidentaUy 
defective, or proteetai by special preparation, would resist change under conditions 
representing the extremes, both in extent and duration, of heat to which it might be 
exposed if stored, or used in active military service, in tropical climates. 

The Committee on Gun-cotton has endeavoured to collect reliable data with reference 
to the average and extreme temperatures to which gun-cotton might be exposed in ships’ 
magazines, during the pa^^e of vessels through tropical regions, or to which it might 
be subject in India if directly expo^d to the sun in ammunition-boxes ,* these bemg 
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the most severe natural conditions of exposure to heat which would ever be likely to 
occur. 

A statement was furnished to General Sabine, by the late Admiral FitzRoy, of the 
maximum and minimum tem|wratures recorded monthly in the chronometer loom of 
Her Majesty’s Ship ‘Odin’ between September 1861 and September 1863, this vessel 
having been during that period at Japan, in the China Sea, Malacca Strait, Indian 
Ocean, Beng^ Bay, North and South Atlantic, &c. The highest temperatures recorded 
were in May 1862 and April 1863 (in the Indian Ocean), being 31° (88° F.) on both 
occasions; the minimum temperature in those months were 29° (84° F.) and 26°-8 
(80° F.). Between February 1862 and August 1863 the registered maximum tempe- 
ratures ranged between 26°*3 and 31°, and the minimum temperatures between 14°*7 
and 29°. Admiral FitzRoy considered that, except at times when men were continuoudy 
at work in a ship’s magazine, the temperature within the latter would be regulated by 
that of the surrounding water, which, at a few feet below the surface, is never warmer 
than from 26° to 30°. If this is the case, the temperature-records obtained from the 
‘ Odin ’ afford a fair representation of the maximum and minimum temperatures of the 
atmosphere in magazines where gun-cotton might be stored on board ship. Steps have, 
however, been taken to obtain records of the maximum and minimum temperatures 
actually experienced in ships’ magazines. 

At the request of General Sabine, Mr. Pogson, the Astronomer at Madras, took daily 
readings, from May 1 to June 30, 1866, of thermometers placed in boxes, the one 
painted black and the other white, and both exposed to the sun. The complete account 
of the obseiv'ations made by that gentleman have not yet been received, but, in a letter 
to General Sabine, he states that during the above-named period, which occurred in 
the hottest and driest season ever experienced at Madras, the highest temperature regis- 
tered inside the black box was 51°*2 (124°‘4F.), that in the white box being 44° 
(lll°-2 F.), whilst the lowest minimum readings recorded were 26*8 (80° F.) in the black 
box, and 26°T C. (79° F.) in the white box* The maximum temperature recorded in 
the empty bla^h box, exposed to the sun at Madras, was therefore about 5° C. below the 
average temperature to which closely packed gun-cotton, in a condition most favourable 
to change, was exposed for about seven hours daily, during three months (having pre- 
viously been similarly exposed to an atmosphere at 50° for an equal period), before there 
was any indication of development of heat, while gun-cotton prepared according to V on 
Lene’s directions resisted a similar exposure for five months, and ordinary gun-cotton 
containing a small proportion of sodic carbonate furnished no indication of change when 
it had been stor^ under the same circumstances for seven months. 

General MoBiNf, in some observations upon the recent report of P^loiize and Maury 
on gun-cotton, referred to the existence of instances in which the atmosphere in the 
interior of buildings had been raised to a temperature of 38°, 40°, or 42° (the external 

* The dilfemice between the maximaai records in the black and white boxes is as raring between 

3® and 7®. f Coniptes Eendns, vd. iix. p. 374, 
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atmosphere being only 21°) by the passage of solar heat throngh glass windows or roofs^ 
and also stated that it was not uncommon to find the interior of powder-wagons, entered 
with metal, at a temperature of 50°-60°, while the external temperature was only 24°. 
It is evident from the nature of this statement that the elevation of temperature to this 
extent in the localities described was only, transient ; but even if the atmosphere in 
magazines or ammunition-wagons were occasionally at such temperatures for several 
consecutive hours during a considerable period, it may be confidently maintained that 
gun-cotton properly purified and impregnated with a small proportion of sodic carbonate, 
as has been described, may be preserved in such localities with perfect safety, even in a 
closely packed condition. It has been shown that gun-cotton, even without the aid of 
the very decided though variable protection afforded to it by the “ siiicating ” process, 
sustained no change whatever by continuous exposure to the sun’s rays in a black box 
between April and September, the temperature of the external surface of the box having 
frequently exceeded 40°, and that the same kind of gun-cotton sustained, without any 
change, three months’ exposure for several hours to an atmosphere of 50°, and did not 
exhibit any indication of change until after further exposure for nearly three months to 
an atmosphere maintained for several hours daily at 54°-5-55°'6. In both these instances 
the gun-cotton was as closely packed as possible, in one mass* (and in the latter it was 
contained in a case lined with tinned co23per, which seriously influenced the effect of heat 
upon the gun-cotton). * 

It is therefore considered that the extent and circumstances of exposure to heat which 
even this perfectly unprotected gun-cotton resisted, may be regarded as exceeding in 
severity such as it would have to encounter in the actual employment of the material in 
naval and military service. 


The following are some of the principal conclusions which may be drawn from the 
results of observations and investigations described in the foregoing pages : — 

1. Gun-cotton produced from properly purified cotton, according to the directions 
given by Von Lexk, may be exposed to diffused daylight, either in open air or in closed 
vessels, for very long periods without undergoing any change. The preservation of the 
material for years under those conditions has been perfect. 

2. Long-continued exposure of the substance, in a condition of ordinary dryness, to 
strong <k,ylight and sunlight produces a very gradual change in gun-cotton of the 
description defini^ above ; and the statements which have been published regarding the 
v^ery rapid decomposition of gun-cotton when exposed to sunlight do not therefore apply 
to the nearly pure trinitrocellulose obtained by strictly following the system of manu- 
facture now adopted. 

* In ammunition -wagons, the gun-cotton would be packed in the form of cartridges, enclosed in i^rge, 
and with intervening aar-spaees. It wouH teer^are be in a condition numb leas favourable to the acenmnla- 
tion of heat, thM the gun-cotton was, in the «s^erimental cas^. 
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3. If gun-cotton in closed voxels is left for protracted periods exposed to strong day- 
l%ht and snnlight in a moist or damp condition, it is affected to a somewhat greater 
extent ; bnt even under these circumstances the change produced in the gun-cotton by 
several months’ exposure, is of a very trifling nature. 

. 4. Gun-cotton which is exposed to sunlight until a faint acid reaction has become 
developed, and is then immediately afterwards packed into boxes which are tightly 
closed, does not undergo any change during subsequent preservation in ordinary store- 
houses (as far as the experience of yqars has shown). 

6. Gun-cotton prepared and purified according to the prescribed system, and stored 
in the ordinarily dry condition, does not furnish any indication of alteration, beyond the 
development, shortly after it is first packed, of a slight peculiar odour,- and the power of 
gradually imparting to litmus, when packed with it, a pink tinge. 

6. The influence exercised upon the stability of gun-cotton of average quality, as 
obtained by strict adherence to Von Lenk’s system of manufacture, by prolonged expo- 
sure to temperatures considerably exceeding those which are experienced in tropical 
climates, is very trifling in comparison with the results recently published by continental 
experimenters relating to the effects of heat upon gun-cotton ; and it may be so per- 
fectly counteracted by very simple means, which in no way interfere with the essential 
qualities of the material, that the storage and transport of gun-cotton presents no greater 
danger, and is, under some circumstances, attended with much less risk of accident, than 
is the case with gunpowder. 

7. Perfectly pure gun-cotton, or trinitrocellulose, resists to a remarkable extent the 
destructive effects of temperatures even approaching 100° C. ; and the lower nitro- 
products of cellulose (soluble gun-cotton) are at any rate not more prone to alteration, 
when pure. The incomplete conversion of cotton into the most explosive product does, 
therefore, not of necessity result in the production of a less perfectly permanent com- 
pound than that obtained by the most perfect action of the acid-mixture. 

8. But all ordinary products of manufacture contain small proportions of organic nitro- 
genized impurities, of comparatively unstable properties, which have been formed by the 
action of nitric acid upon foreign matters retained by the cotton fibre, and which are not 
completely separated by the ordinary or even a more searching process of purification. 

It is the presence of this class of impurity in gun-cotton which first gives rise to the 
development of free acid, when the substance is exposed to the action of heat ; and it is 
the acid thus generated which eventually exerts a destructive action upon the cellulose- 
products, and thus estabUi^es decomposition which heat materially accelerates. If the 
small quantity of acid developed from the impurity in question be neutralized as it 
becomes ^ascent, no injurious action upon the gun-cotton results, and the gi^at pro- 
moting cause of the decomposition of gun-cotton by heat is removed. This result is 
readily attained by umformly distributing through gun-cotton a small proportion of a 
carbonate, the so(hc carbonate, applied in the form of solution, being best adapted to 
this purpose. 
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9. The introduction into the finished gun-cotton of one per cent of sodic carbonate 
affords to the materisd the power of resisting any serious change, even when exposed to 
such elevated temperatures as would induce some decomposition in the perfectly pure 
cellulose-products. That proportion affords, therefore, security to gun-cotton against 
any destructive effects of the highest temperatures to which it is Ukely to he exposed, 
even under very exceptional climatic conditions. The only influences which the suldition 
of that amoimt of carbonate to gun-cotton might exert upon its properties as an explo- 
sive, would consist in a trifling addition to the small amount of smoke attending its 
combustion, and in a slight retardation of its explosion, neither of which could be 
r^arded as results detrimental to the probable value of the material. 

10. Water acts as a most perfect protective to gun-cotton (except when it is exposed 
to sunlight), even under extremely severe conditions of exposure to heat. An atmosphere 
saturated with aqueous vapour suffices to protect it from change at elevated tempera- 
tures, and wet or damp gun-cotton may be exposed for long periods in confined spaces 
to 100° without sustaining any change. 

Actual immersion in water is not necessaiy^ for the most perfect preservation of gun- 
cotton ; the material, if only damp to the touch, sustains not the slightest change, even 
if closely packed in large quantities. The organic impurities, which doubtless give rise 
to the very slight development of acid observed when gun-cotton is closely packed in the 
dry condition, appear equally protected by the water ; for damp and wet gun-cotton which 
has been preserved for three years has not exhibited the faintest acidity. If as much water 
as possible be expelled from wet gun-cotton by the centrifugal extractor, it is obtained in 
a condition in which, though only damp to the touch, it is perfectly non-explosive ; the 
water thus left in the material is sufficient not only to act as a perfect protective, but 
also to guard against all risk of accident. It is therefore in this condition that all 
reserve stores of the substance should be preserved, or that it should be transported in 
large quantities. If the proper proportion of sodic carbonate be dissolved in the water 
with which the gun-cotton is originally saturated for the purpose of obtaining it in this 
non-explosive form, the material, whenever it is dried for conversion into cartridges, or 
employment in other ways, will contain the alkaline matter required for its safe storage 
and use in the dry condition in all climates. 


Although some experiments bearing upon the different branches of inquiry included 
in this Memoir are still in progress, with a view to the attainment of additional know- 
ledge of the conditions which regulate the stability of gun-cotton, it is confidently 
believed that the results which have been described amply demonstrate that ^e objec- 
tions which have been of late revived, espedally in France, against the employment of 
gun-cotton, on the ground of its instability, apply only in a comparatively slight degree 
to the material produced by strictly pursuing the system of manufacture perfected by 
Von Leva; that, as far as they do exist, they have been definitely traced to certain 
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difficulties in the manufacture of ]^nre gun-cotton which further experimental research 
may overcome ; but that, in the mean time, these objections are entirely set aside by 
the adoption of two very simple measures, against -the employment of which no practical 
difficulties can be raised, and which there is every reason to believe must secure for 
this material the confidence of those who desire to avail themselves of the special 
advantages which it presents as an explosive agent. 


The nature of the decomposition of gun-cotton, when exploded under different con- 
ditions, is now under investigation by me, and the results arrived at will I trust be com- 
municated before long to the Royal Society. 


Note. — Since this Memoir was communicated to the Royal Society, a circumstance 
of a very unexpected nature has been observed, accidentally in the first instance, which 
appears to have an important bearing upon the question of the stability of gun-cotton, 
A skein of Waltham Abbey gun-cotton has been suspended upon a line in the upper 
part of my laboratory for about twelve months. It has therefore been freely exposed 
to air and diffused daylight during that period. A portion of this sample was recently 
employed in a comparative heat-experiment, Avith some specially prepared samples, and 
Avas found to resist exposure to 100° C. in a very remarkable manner. SeA'eral portions 
have been maintained for many hours at 100°, upon consecutrie days, without under- 
going the slightest change, although originally a brief exposure to that temperature 
sufficed to develope symptoms of decomposition in this gun-cotton. 

The behaviour of this specimen led to an examination of several samples of StoAA'- 
market gun-cotton, portions of wffiich had been employed in the heat-experiments 
described in Table III. of this Memoir, and which have since been exposed to diffused 
daylight, in loosely stoppered bottles, for about years. Three among them AA'hich, 
when first examined, were found to undergo decomposition after exposure for a few 
minutes to 100° C., were selected for re-examination, and they all perfectly resisted 
decomposition upon long-continued exposure to that temperature. 

It thus appears definitely established that the stability of gun-cotton is importantly 
increased by long-continued exposure to diffused daylight. An examination into the 
cause of this interesting fact is now being prosecuted, and the results promise import- 
antly to strengthen the confidence which is already placed in the permanence of gun- 
cotton . — June 1867. 
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XII. On the Orders and, Genera of Ternary Quadratic Forms. By Henet J. Stephen 
Smith, if. A, F.B.S.^ Savilian Professor of Gecmetry in the University of Osford. 

Eeceived Febiiiary 21, — Bead February 27, 1867. 

Eisenstein, in a Memoir entitled “Neue Theoreme der hoheren Arithmetik”*, has 
defined the ordinal and generic characters of ternary quadratic forms of an uneven 
determinant ; and, in the case of definite forms, has assigned the weight of any given 
order or genus. But he has not considered forms of an even determinant, neither has 
he given any demonstrations of his results. To supply these omissions, and so far to 
complete the work of Eisenstein, is the object of the present memoir. 

Art. 2. We represent byjfthe ternary quadratic form 

€uif-\-aY-\-a!’z^-\-2hyz-\-2b'itz-{'2Fa^; (1) 

we suppose th&tf is primitive (i. e. that the six integral numbers a, a\ a!\ h, admit 
of no common dhisor other than unity), and that its discriminant is different from zero ; 
this discriminant, or the determinant of the matiix 

: h\ V j 

{ 4", a', J |, (2) 

; 4', 4 , o" I 

we represent by D ; by Q we denote the greatest common divisor of the minor determi- 
nants of the matrix (2) \ by HE the contravariant of/, or the form 

}f)x^ a — V'^)y‘^ 

•\-2{fF' --al)yz-\-2{V'h--dV)zx-\'2{fV —d'h")xy ; 
we shall term F the primitive contravariant off and we shall write 

F=A.ri+Ay4-AV-f2%z+2B'.rz-f2B% (4) 

If An®, A is an integral number, and the discriminant, contravariant, and primi- 
tive contravariant of F are respectively QA®, A/, and/. The numbers Q and A are 
arithmetical invariants of/; i. e. they remain unaltered when /is transformed by any 
substitution of which the determinant is unity and the coefficients integral numbers. 
We shall accordingly describe the primitive form/, and the class of forms containing/ 
as a form, and class, of the invariants [Q, A]. Similarly, F is a form of the invariants 
[A, O], and the class containing F is a class of those invariants. The relation between 
the forms / and F is reciprocal ; and this reciprocity extends throughout the whole 
♦ Cbbwjb’ 8 Jouxnal, vol. xxxv. p. 117. 
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theory, the contravariants f and F, and the invariants Q and A, being everywhere 
simultaneously interchangeable. 

Of definite forms we shall consider only those which are positive ; and in the case of 
such forms we shdl suppose O, as well as A, to be positive, in order that F ^ well as / 
may be poative. In the case of indefinite forms we shall always attribute c^poate signs 
to Q and A ; so that in this case the discriminants of/ and F will be of opposite signs. 
Thus the definiteness, or indefiniteness, of a form is indif^ted by the signs of its invariants ; 
if, for example, p and q are positive numbers, the forms 

are respectively of the invariants [p, q\, [—p, g^], [p, and their 

primitive contravariants,p^a^+^/-{-;^®, — are respectively 
of the invariants [^,p], (p, —p], [“S'jPI* 

Art. 3. A primitive form f is properly primitive when one at least of its tiiree pfwr 
cipal coefficients a, d' is uneven ; it is improperly primitive when those coefficients 
are all even. In an improperly primitive form, one at least of the three coefficients 
5, b\ b” is uneven (or the form would not be primitive) ; if, therefore, f is improperly 
primitive, Cl is uneven and F properly primitive ; and, reciprocally, if F is improperly 
primitive, A is uneven and /properly primitive. Again, the discriminant of an impro- 
perly primitive form is always even. Whenever, therefore, O and A are both even, or 
both uneven, neither / nor F is improperly primitive. Primitive forms of the same 
invariants [Q, A] are said to belong to the same order when they and their primitive 
contravariants are alike properly or alike improperly primitive. An order of properly 
primitive forms of the invariants [Cl, A] always exists, for the form 

af-^Clf-\-ClAz^ 

is a form of that order. And we shall show hereafter that, when Q is uneven and A 
even, there is always an improperly primitive order of forms of the invariants [fl, A], 
in which /is improperly and F properly, primitive except when Cl is an uneven square, 
and ^A an even or uneven square. And, reciprocally, when A is uneven and Cl even, 
there is always an improperly primitive order of forms of the invariants [12, A], in which 
/ is properly and F improperly primitive, except when A is an uneven square, and 
an even or uneven square. These exceptions cannot occur if the forms are indefinite. 
For example, there are two orders of forms of the invariants [1, 12], The properly 
primitive order contains three classes, represented by the forms 
/1, 1, 12\ /I, 3, 4\ A 3, 3\ 

\ 0 , 0 , 0 /’ \ 0 , 0 , 0 /’ \ 1 , 1 , 1 / 

The improperly primitive order, in which the forms are improperly primitive, but their 
contravariants properly primitive, contams two classes, represmited by the forms 
/ 2, 2,4\ A 2, 4\ 

\-l, -1,0/’ VO, 0,-1/' 
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Art. 4. From the identical equations 

yi. *.)xyi:«„ y« 

=QF(y,iS,-2^„ 2A— ®iy«-yiA), j 

F(®„ 2,)xF(a:„ ®«)-i[A^^+y.^+2.^J] 

= A/(y,Zj-z,yj, z,a:,-ar,z„ ar^,-y,A), J 
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( 5 ) 

( 6 ) 


we obtain the subdivision of the Orders into Gtenera. If a> represent any uneven prime 
dividing Q, h any uneven prime dividing A, these equations imply the theorems — 

L “The numbers, prime to », which are represented hyf, are either all quadratic 
residues of a, or all non-quadratic residues of <y.” In the first case we attribute to / the 

particular gemric character ^^^ = -{-1, in the second we attribute to /the particular 

generic character = — 1. 

II. “ The numbers, prime to which are represented by F, are either all quadratic 
residues of S, or all non-quadratic residues of We attribute to F the particular generic 

character = in the first case, 1 in the second. 

If Q*and A are both dhisible by any uneven prime, /and F wiU both have parti- 
cular characters mth respect to that prime. These theorems are due to Eisenstein. 

Besides its particular characters with respect to uneven primes dividing Q, / if pro- 
perly primitive, will have in certain cases particular characters (which we shall call sup- 
plementary) with respect to 4 and 8. If the uneven numbers represented by /are all 

/-I 

^1, mod 4, we attribute to / the particular character .(“■!) ^ =+l ; if they are all 
^3, mod 4, we attribute to /the particular character (— 1)^=— 1. If they are all 

either ^1, or s=7, mod 8, we attribute to / the particular character (—1) ® =+1 J 
if they are all either = 3, or ^ 5, mod 8, w^e attribute to / the particular character 

/^-i 

(—1) 8 =—1. Lastly, if they are all either =1, or =3, mod 8, /has the character 
(— 1 ) 2 8 . If all either =5, or = 7, mod 8, it has the character 

(—1) 2 8 = — 1. Similarly, if F is properly primitive, it will, in certain cases, 

acquire the characters (—1) * =-f 1, or = — 1 ; (— 1 ) s = _j- 1, or = — 1 ; 
or =~1. 

The following Table is useful for ascertaining the supplementary characters of any 
proposed form. 


2 IT 2 
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Table I. 

A,—/ and F properly primitive. 



mod 2. 

0^2, mod 4. 

£2=4, mod 8. 

£2=0, mod 8. 

A^l, 

mod 2. 


p-i 

(-1)— vp 

f-l F-l 

(-iF*(-i)~ 

f-l F-l 

(_iF,*(-if 

P-l 

(-IF 

A^2, 

mod 4. 


p-l 1?2_, 

(-1) • . ip 

f-l F*-l 

(-iF,-K-i)^ 

F-l , P*-T 

f-l p_l _ F*-l 

(-1F.*{-1)>" • 

p-l ps-l 

(-l)Ft(-l)^ 

A=4,j 

mods. 

/-I F-l 

P-l F-l 

t(-i)— , (-IF 

f-l P-] 

(-IF, (-IF 

f-l F-l 

(-IF, (-1)- 

(-1)- 

A=0, 

mods. 

/-I F-I 

•(-IF. {-!)- 

F2_l 

(-1)— 

F-l 

(-IF 

P-i P-i 

t(-l)F (-1)— 

f-l F-l 

(-IF. (-IF 

F2-1 

(-1)— 

f-l F-l 

(-IF. (-1)“ 

p-l F*-l 

(-1)-, (-1)— 


B.— / improperly, F properly primitive. 
mod2; 


A=2, mod 4. 

(-IF 

A=0, mod 4. 

F-l F2-1 

(-IF. (-1)“ 


C.—f properly, F improperly primitive. 
A^l, mod 2; 


£2=2, mod 4. 

f-l 

(-IF 

£2.^0, mod 4. 

f-l p-l 

(-IF. (-1)“ 


In this Table the asterisk, prefixed to a supplementary character of /*, indicate that 

y-i ti-i 

that character is attributed to / only when (— 1 ) 2 =:(— 1) « ; prefixed to a supple- 
mentary character of F, it indicates that that character is attributed to F only when 

f-l A'-l 

(— 1) 2 =(— 1) ® , Q' and A' denoting the greatest uneven divisors of £2 and A, taken 
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with the is^Doe s^s as O and A. Similarly, the obelisk prefixed to a character oif or 

F-I rf-1 

F indicates that that character is attributable to^ orF only when (—1) ® =-— (~1) ® 

/-I A’-l V 

in the first case, and (—1) ® =— (~1) * in the second. 

The use of the Table is most easily explained by an example. Let the proposed form 
be 

its invariants are [2, 24], and its primitive contravariant is 


F=24^-f-7^+72»+2^2. 

F-l 

Since n=2, mod 4, A~0, mod 8, F has the supplementary characters (—1) ^ and 

i»-i 

(—1) 8 ; the values of these characters are found by an inspection of the coefficients, 

F-l O'-l 

and are —I and +1 respectively. Again, since Q'=l, ( — 1) “ =-.-(—1) 2 ; the 

character (—1) ® is therefore attributable to/, and an inspection of its coefficients 
P-x 

shows that (~1) ^ =+l. 

The demonstration of the assertions implied in the Table (so far as they relate to 
supplementary characters) is obtained without difficulty from the equations (5) and (6). 
It win suffice to consider one case as an example of the rest. Let f and F be both 
properly primitive, and let £2=212^=2, mod 4; A=0, mod 8. If Mi=F(^„ 2 ,), 

Mj=F(arj, are two uneven numbers represented by F, we infer from equation (6) 

( rfF dF </F\ 

dy ^ uneven number, and consequently that MiXM 2 =l, 

mod 8 ; M, and Ma are therefore congruous to one another, mod 8 ; L e. all uneven 


F- l 

numbers represented by F are congruous, mod 8, or F has the characters (—1) * and 


y»-i 

(— *1) 8 . To prove that / has the supplementary character attributed to it in the 
Table, we observe first of aU that F cannot represent unevenly even numbers ; for, if 
possible, let F(a^„ ^ 1 , z,) be unevenly even, and let F(^ 2 , y.^, be any uneven number 
represented by F ; then in the equation (6) we have a square congruous, mod 8, to an 
unevenly even number, which is impossible. Now let y^, 2 ,), y^, 

be any two uneven numbers represented by f; the number J ^ -\-yy ^ +^i ^ 

uneven in equation (5) ; and considering that equation as a congruence for the mo- 

n^-i p-i 

dulus 8, we find or miXw-a^l+SxC— 1) ^ ^ , according as 


F-l tV-1 

is evenly even, or uneven. If, then, (—1) 2 =(—1) 2 , xw^a is ^ or — 3, mod 8 ; 
i. e. the imeven numbers represented by/ are either all of one or other of the linear 
forms 8^+1; 8A;+Sj or else all of one or other of the linear forms 8i[;+5? 8J[:-j-7; so 

/-I P-l F-l O'-l 

that f has the supplementary character (—1) * « . But if (-^1) * =— (~1) * , 
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or —1, mo4 8, and the uneven numbers represeited by/ are dtber aH 
of the linear forms 8^±1, or else aU of the linemr forms 8ib±3, so that f has the 

character (^1) « . 

1 3?*— 1 F*“i 

The signification of the symbols T", (—1)”^^, (—1) * which 

occur in the Table, is explained in Arts. 6 and 7. In the next article we shall 
establish an auxiliary proposition which is jfrequently useful. 

Art. 5. “ There exist pairs of forms ^ and 4>, equivalent to / and F, and satkfying 
the congruences 

p — 05 ^ 4 -/ 30 / -l-yQA^*, 1 


O =/3y Q Aa^ 4 uyAz^ 4" 


( 7 ) 


fl6/3y=l, 


for any proposed modulus V ; but this modulus must be uneven, if either / or F is im- 
properly primitive.” 

In the proof of this proposition we shall employ two lemmas of a very elementary 
character. 

(i) A properly primitive form f represents numbers prime to any given number V ; 
and an improperly primitive form f represents the doubles of numbers prime to any 
given number V. 

Letp be any prime divisor of V, and if / is improperly primitive, let p be an uneven 
prime. If one of the numbers a, a\ «" is prime to p, let a be prime to p ; then if w is 
prime top and y and z are divisible by p,/ will acquire a value prime top. If a, d, d' 
are all divisible by p, one of the three numbers b\ b" must be prime top; let b be 
prime to p ; then if ^ is divisible by p, and y and z are prime to p^f will acquire a value 
prime top. 

If /is improperly primitive andp=2, we may consider J/ instead of / and jd, 

instead of a, d, d'; and we may prove in the same way that ^/ represents uneven numbers. 

Thus, among thep^ systems of values which can be attributed to r, p, z for the modulus 
p, there are ahvays some which render/(or ^f) prime to p ; there are, therefore, among 
the V® systems of values which can be attributed to w, y, z for the modulus V, some 
which render/ (or ^/) simultaneously prime to every prime dividing V. 

(ii) If £2 A is uneven, /represents numbers of both the linear forms 4^41 and 4^ -+-3. 

One at leaist of the principal coefficients of / is uneven, because its discriminant is 

uneven: let then a be uneven, and let mod 2, d^~(Jb, mod 2; the substitution 

w= 3 :-{-ky-\-fLZ will transform /into a form/, in which d„ dl are all uneven, and in 
which, because the discriminant is uneven, either only one, or else aU three, of the coeffi- 
cients bi, h[, V[ are even. The four numbers d[, axe then 

all uneven ; they are all represented by/, that is by/; but they are not all congruous to 
one another for the modulus 4; therefore /represents numbers of both the linear forms 
4i:-4l and 4^43. 

It follows from these lemmas (i) that if/ is an improperly primitive form, we can find 
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a fom eqmTaleiit to /, and having one of its jwrincipal coefficients unevenly even and 
prime to any uneven number ; (ii) that if/ is properly primitive, we can find a form equi- 
valent to/ and having one of its principal coefficients prime to any given number; (iii) 
that if QA is uneven, we may suppo^ this principal coefficient of either erf the two 
linear forms or at our option. 

We shall first suppose that ilie forms /and F, 'which it is proposed to transform into 
forms <p and 4> satisfying the congruences (7), are properly primitive. Let V'=VQ=*A, 
and let us assume that in the form F, A" is prime to and also that A"~Q, mod. 4, 


if QA is uneven. Let n^od V'; the redundant system of congruences 

= 0 , 

~0 mod V'„ 

yQA,_ 

is resoluble, admitting Q incongruous solutions*. Let 

mod V', 

be any one of these solutions, and let us transform / by the substitution 


ir=ar-f-X2,“ 

into an equivalent form/. The coefficients Uj, d'l, are the same as a, V\ d\ the 
coefficients aj, Vx are respectively congruous for the modulus V' to yQA, 0, 0; so 
that/ satisfies the congruence 

/=aa’®-^-2^"^-fay-l-yQ^^^ K^od V'. 

The binary form (a, V\ d) is primitive ; for if d is a prime dividing a, a', it divides 
— -flA", the determinant of (a, a'), and Q^A, the discriminant of/; it therefore divides 

Q (because A" and A are relatively prime), and is a common divisor of the coefficients of 
the primitive form/, i. e. d=l. Again, (a, 5", d) is not improperly primitive; if QA 
is even, this is manifest, for / is not improperly primitive ; if Q A is uneven, QA'' is by 
hypothesis of the form 4^-f 1, and there are no improperly primitive binary forms of the 
determinant — QA". We may now suppose that, in the properly primitive binary form 

A" ^ 

(a, h'\ d)y a is uneven and prime to V' ; let , mod V' ; then the congruences 


mod V', 


¥x^d ^Q,J ■ 

are resoluble and admit of one solution. Let ar = X, mod V', be that solution ; if / be 
timnsformed by the substitution the resulting form <p will satisfy the congruence 

f ^a^-j-/3Q/+yQAs^ mod 

and the forms ^ and will satisfy the congruences (7) for the modulus V. 

* Philc^opkical Transactions, toI. di. p. 323. 
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Attributing to V' the value VQ'®A', we may apply the same demonstration to the <»se 
in which either/ or F is improperly primitive, the modulus V being supposed uneven. 
Art. 6. When neither/ nor F is improperly primitive, and neither O nor A evenly 
even, /and F, considered separately, have no particular characters, properly so called, 
with respect to 4 or 8. But, considered jointly, they have a certain character with 
respect to 4 or 8, which we shall teim their simultaneotis generic charcuateTy and which 
it is important to consider here. 

If m=/(^, y, z), M=F(X, Y, Z), the representations of m by /and of M by F are 
said to be dmultanemis when x, y, 2 , X, Y, Z satisfy the equation 

arX+yY-l-zZ=0 , . . (8) 

This definition of simultaneous representation sufiSces for our immediate purpose ; we 
add, however, that if the two representations are as well as simultaneous, the 

equations 


y\ z' 

X, Y, Z 
X', Y', Z' 


=X, Y, Z, 


1-=^, y, 2 


• ( 9 ) 
( 10 ) 


are resoluble in integral numbers af, 2 ', X, Y', Z'. For, considering the first of these 
equations, we observe that [r, y, 2 ] is a given solution, in relatively prime numbers, of 
the equation (8) ; let [d, y, 2 '] be a solution of the same equation which with [x, y, 2 ] 
forms a fundamental set; the equation (9) is then satisfied by virtue of the characteristic 
property of the fundamental set (Philosophical Transactions, vol. cli. p. 297). Thus if 
the representations of m by/, and of M by F, are primitive and simultaneous, m is pri- 
mitively represented by a binary form of determinant — QM, which is itself primitively 
represented by/f ; and, reciprocally, M is primitively represented by a binary form of 
determinant —Am, which is itself primitively represented by F. 

In the four cases in which neither Q nor A is evenly even, the simultaneous character 
of/ and F is given in the Table of Art. 4. The symbol ‘'F in that Table represents 

A/-H Q'F+1 A'»i»+1 O'M+I 

the unit (— 1) " ' ^ , i.e. the unit (—1) ^ ‘ 2 ^ Q' and A' denoting the same 
numbers as in Art. 4, and m, M being any two uneven numbers simultaneously 
represented by / and F. Thus, if Q = A = 1, mod 2, the simultaneous character 
is attributed in the Table to / and F ; i. e. the uneven numbers simultaneously repre- 
sented by / and F either all satisfy the equation SP'=1, or else all satisfy the equation 
^=- 1 . 

To demonstrate these simultaneous characters we consider the four c^s separately, 
and for the forms /and F we substitute forms p and equivalent to them, and satis:^’ing 


* The representation of a number bj a form is said to be primitive when the values of the indetenuinates do 
not admit of any common divisor besides unity, 
t See Art. 10. 
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c^rlaui coaigTttences for the modulus 4 or 8. The existence of the equivalent forms thus 
^^umed results, in each case, from the theorem of the last article. 

Case (i) Let Q ^ A ^ 1, and let <p and satisfy the congruences ^ 

A^ 

or 

Q<i>^aX=4-/3YHyZ*, 

Attributing in succession to the indeterminates 

X, Y, Z 

all systems of values, mod 2, which satisfy the congruence 
a;X4-.vY-|-zZ=0, mod 2, 

and which render m and M simultaneously uneven, we find that in every case Am is 
congruous, for the modulus 4, to one of the numbers a, /3, y, and QM to one of the 

remaining two. Thus X is necessarily congruous, for the modulus 2, to 

one of the three numbers 

0 + l)(y-fl) (y-fl)(«-f-l) (a-H)(/3-fI) 

4 ’ 4 ’ 4 ■ 

But these numbers are all congruous to one another for the modulus 2, because the 
congruence aiSy =1, mod 4, implies the congruence a-f-P-f-y-l-l =0, mod 4. Therefore 
the unit ^ has always the same value for every pair of uneven numbers simultaneously 
represented by /and F. 

It will be seen that — 1, or 1, according as the congruences a=/3^y:s:l, 

mod 4, are or are not satisfied. 

Case (ii) Let Q ^ 2, mod 4, A^l, mod 2, and let 

Ap ^aa:^-f'2/3/ 4 * 272 :*, mod 8, 

^ 2aX*-h0Y*4-yZ*, mod 4, 
ajSy^l, mod 4. 

The admissible combinations of the values of y, 2 , X, Y, Z, mod 2, give rise to eight 
cases, 

Am ^ a, mod 8 ; Q'M ^ p, or y, mod 4, 

Am ^ a4"2/3, mod 8 ; Q'M ^ — /3, or -f y, mod 4, 

Am ^ a-f 2y, mod 8 ; Q'M = 0, or — y, mod 4, 

Am ^ a4-2/34-2y, mod 8 ; Q'M ^ ~ /3, or — y, mod 4, 

1 

and, in all of them, the value of the unit (— 1 ) ® siiid therefore of the unit 
/«-! 

(— 1 ) 8 is tbe same, because, by virtue of the congruence a 4 '| 34 ‘ 7 + 1 ^ 0 , mod 4^ 
MDCCCLXVII. 2 o 
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the four numbers 

(a+l)(« + 2^4-l) («+l)(« + 2y+l) 

^ ^ , 

{« + 2^+27+l)(a + 2^+l) (« + 2^ + 27+l)(« + 2r+l) 

8 ’ 8 

are all congruous to one another for the modulus 2. 

Case (iii) 0 = 1, mod 2, A=2, mod 4. In this ease the simultaneous character of 
the forms f and F may be demonstrated as in case (ii), or may be inferred by recipro* 
cation from the result in that case. 

Case (iv) Q=A=2, mod4. Let 

A'^ = o!;r^-f 2/3^-F4yr^, mod 8, 

4aX^4-2/3Y^4-yZS mod 8, 
a/3y = 1, mod 4. 

Here again there are eight cases, 

A'm = a ; O'M^y, or , mod 8, 

A'm^a4-2/3 ; O'M^y, or y-j- 2/3 +4, mod 8, 

A'm = «4-4 ; 0'M = y-i-4, or y-f 2/34-4, mod 8, 

A'?n = a42|3-|r4; Q'M = y4-4, or y 42 ^ , mod 8; 

and in all eight the value of the unit (~1) » ® and therefore of the unit 

^—1)9 » is the same, because by virtue of the congruence a4'/3-f y+l ^ 0, mod 4, 

the two numbers 

(a + y)(g-hy-f 2) (« -fy + 2/3)(g-|-y + 2j6-f 2) 

8 ’ 8 

are congruous to one another for the modulus 2. 

Art. 7. The following observations will serve to show more clearly the import of 
the simultaneous character in each of the four cases. 

Case (i) Let — 1 ; then, if m and M are any two uneven numbers simultaneously 
represented by/ and F, = A, mod 4, and mod 4. Also / cannot represent 

numbers congruous to 7 A, mod 8, nor F numbers congruous to 7Q, mod 8; for the 
congruences 

0+l)(y+l) ^ (y+l)(«+l) _ (a+lK^-H) _^^ jnod2, 

imply that a = /3^y^l, mod 4; i. e. that or, which is the ^me thing, /can only 
represent uneven numbers congruous to A, §A, 5A. And suajlm-iy of uneven numbers 
F can only represent those, which are coi^ruoua to Q, 30,^ 50. Numbers congruous to 
3 A are represented by/, and numbers congruous to 30 are represented by F; but ihese 
representations are not simultaneous with the representation of fuiy uneven number by 
F in the first case, and by /in the second. 
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Let J then if m and M are uneven numbers simultaneously represented by / 

and P, one at Imst of the two congruences mod 4, mod 4, must be 

Subject to this restriction, m and M may have any of the four lineai^ forms 
St-l-l, S, 5, 7. 

Case (ii) The restrictions imposed on the numbers m and M by the simultaneous 
diameters are exhibited in the annexed Table. 


If 

A2-1 

/i_l 

M= Q', mod 4. 

m=5A, 7A, mod 8. 

A, 3A, mod 8. 

M=3a', mod 4. 

ms A, 7 A, mod 8. 

m^3A, 5A, mod 8. 


Except when Q and A are both uneven it will be found that, in the case of any 
two properly primitive forms / and P, every representation of an uneven number by 
either of the two is simultaneous with the representation of uneven numbers by the 

/*-! A«-l 

other. If therefore (—1) « ■4^=(— 1) » ,jfcannot represent numbers congruous to 3 A. 
mod 8, because it cannot represent them simultaneously vrith uneven numbers, and if 

(— 1) ® ^=--(—1) 8 cannot represent numbers congruous to 7 A, mod 8. 

Case (iii) In this case, which is the reciprocal of the last, we have the Table, 


If 

F2-J O*— I 

(_!)— . 

pi-i ns-! 

(_!)— . 

A', mod 4. 

Ms=5Q, 70, mod 8. 

Q, 3Q, mod 8. 

m^SA', mod 4. 

M= n, 7Q, mod 8. 

M=3Q, 5Q, mod 8. 


And F cannot represent numbers congruous to 3Q, or cannot represent numbers con- 

Qi-i O^-I 

gruous to 7Q, according as (—1) ® 1) » , or —(—1) « 

Case (iv) In this case both / and F represent numbers of all the four linear forms 
5, 7. The Table, in which the modulus is everywhere 8, exhibits the restric- 
tions imposed by the simultaneous character. 


If 

/S-l FS-l ;3k»2_l D'S-l 

jT— i.FS-l A'S-l^n'S-1 

( — 1) 8 + 8 ^=-(-1) 8 ^ 8 

A' 

M=6Q', 70 

M= O, 30' 

^-3A' 

MsSO, 60 

Ms O', 70 

m^6A' 

M= O', 30 

M=5Q', 70' 

m^7A' 

M~ Q', 70' 

M=30', 60' 

I 


2o2 
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Art 8. The complete generic character of a form or claes is the complex of all, the 
particular characters attributable to the form or class, and to its primitive contravariant, 
including their simultaneous character, if any. And two forms, or classes, which h^e 
the same complete generic character are said to belong to the same genus. But.iiifl 
every complete generic character that can be assigned a priori, is the character of 
really existing genus of forms. The annexed Table will serve, in the case of any 
order, to distinguish those complete generic characters, which are possible, i. e. to which 
actually existing genera correspond, from those which are impossible. 

In this Table ill and are the greatest squares dividing il and A ; the quotients 
Q, -rr ni, A -r ^ are respectively represented, if uneven, by Q, and A„ if even by 5 Q, 
and 2A„ sothatQ ,and Aj are always uneven and not divisible by any squai'e; and 
arc any primes dividing Q, and Aj, and \ are any uneven primes dividing, Q, and A» 

O'F-H 4^+1 

but 6^2 iiiust not divide nor must $3 divide A, ; lastly, Y is still the unit ( — 1 ) * A , 

0,F+1 AjF+l 

or, which is the same thing, the unit (~ 1 ) ^ ^ ,/and F in the exponents of the^ 

units denoting uneven numbers simultaneously represented by the forms/ and F. 

The Table A of properly primitive generic characters contains twenty-five compart^ 
ments corresponding to the twenty-five cases indicated in its margin ; the Tables B and 
C of improperly primitive genera contain three such compartments each. In each com- 
partment are inscribed all the particular characters which make up the complete generic 
character of a form coming under the case to which the compartment corresponds ; the 


symbols implying that /has a particular character with respect 


to every prime or 6»2, F a particular character with respect to every prime Sj or S,. 
Each compartment is divided into two parts by a vertical line, and the particular 
characters (one of which in Table A either is or contains "F) placed to the left of this 
line are subject to the condition that their product is equal in Table A to the unit 

(— 1) a in Table B to the unit (— 1)“V“ x (— 1 }~ ’ , in Table C to the unit 


aJ- 1 0] + 1 Ai+1 

(— l)'Vx( — 1) ^ . If a=4-l, or —1, according as Q is of the form Q,% or 

2 Q,Q 5 , and if, similarly i 3 =-f 1 , or — 1 , according as A is of the form A,A^, or 2 A,A|, 


we may express this condition in Table A by the equation 

/3_1 P2_1 

^xa ■ x^ * x(^Jx(^j=(-l) > ■ > ; (11) 


and in Tables B and C respectively by the equations 

(4) “ (12) 

(-“)'^x(^)x(J)=(-n-v^^^-^.. , ( 13 ) 


Hie condition distinguishes the possible and impossible genera, every generic cha- 
racter which satisfies it being the character of an actually existing genus, and every 
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' ^neric character which does not satisfy it belonging to no forms whatever. The demon- 
^ stmtion of this important theorem will occupy the next articles ; it is, however, requisite 
" to show in the first place that the enumeration of the supplementary characters iq Table 
II. is in accordance with the Table I. of Art. 4. For the Tables B and C this is evident ; 
in Table A it is necessary to attend to the signification of the symbol T", which serves 
to represent the simultaneous character of f and F (as has been already explained 

in Arte. 6 and 7) in those cases (marked S in the Table) in which neither (— nor 

F-l ^ 

( — 1) ® is a character, but which also appears in every compartment of the Table 
without exception. 

/-I F-l 

(1) When (—1) * and ( — 1) ^ are both characters (cases P in the Table), T' is not 

/-I 

an independent character, because its value is determined by the values of ( — 1) ’ and 

p-i 

( — 1) ^ . It is retained in the Table only because it serves to express the criterion of 
possibility. 

f-l F-l 

(2) When ( — 1) » and T', but not (—1) * , are incribed as characters, represents 

F-l f-l A,- 1 

the character ( — 1) * , if (—*1) * =( — 1) , and is simply +1 (i. e. not a character 

/-I Ai-I 

at all), if ( — 1) ® = --( — 1) * . This is in accordance with Table L, according to 

F-l 

which, in the cases under considemtion, ( — 1) * is or is not a character, according as 
( — !)'*■ = ( — 1)"^, or = — •( — 1)“^. Similaidy, if (— 1)~ and T', but not (— 1)~^, 
are inscribed as characters, represents the character ( — 1)^, or is not a character at 

F-l Oi-^ 0|-1 

all, according as ( — 1) -*=(— l)'a^or=-— ( — 1)-* ; which again agrees with Table I. 

In these cases, marked Q in the Table, the symbol supeisedes the asterisks and 
obelisks of Table I., and also serves to express the criterion of possibihty. 

f-l F-^-l F-l 

(S) When ( — 1) a and ( — 1) * X'T^, but not ( — 1) » , are characters in the Table, 

_ F-l F^-1 F^-l 

( — 1) ® X "F represents the character ( — 1)^ or ( — 1)®, according as 

/—I A, — 1 A, — 1 F — 1 f^—l 

( — I) ^ =( — 1)~^, or — ( — 1)~^. And again, when ( — 1)^ and ( — 1)~^ XT^, but not 
( — 1) ^ » are characters in the Table, ( — 1)~ XT’ represents the character (— 

or according as (—1)^ =(— 1) ' 2 “ or —(—1)"^. 

The result in these cases (marked R in the Table) is again in accordance with Table I. ; 
and the use of the symbol T is the same as in the cases Q. 

f*-^i 

Thus the units T, ( — 1) s xT, ( — 1)~^ X T, which properly represent simultaneous 
characters of the forms y and F, are employed, in the cases Q and R of the Table, to 
represent supplementary characters. This use of these s^^mbok is admissible, because, 
when QA is even (as it is in the t^es Q and R), every representation of an uneven 
number byyor F is simultaneous with the representation of uneven numbers by F or/l 



%m 


l s, smith on the obhbbs 


In Hie lower , rightlmnd <x)mer of each comportment in the TaMe, the number (d 
po^ible genera cxmtaiaed in the order to which the compartment refers is represmited 
by r ; y is the number of uneven primes dividing Q, together with the number of 
uneven primes dividing A, so that if the same prime divide botli 0 smd A, it » to be 
counted twice. But it is to be observed that, when 0 and A are both perfect squares 
(a case which can only arise when the forms are definite), the number of posable genera 
is two-thirds of the number stated in the Table in the cases (Q), and one half in the 
cases (P). And again (as has been already stated in Art. 3), in Table B, when 0 is an 
uneven square, and A the double of a square, there are no possible genera ; and when 
A is an uneven square, and 0 the double of an uneven square, there are none in Table C. 

Art. 9. It results from the theorem of Art. 5 that if f and F are properly primitive, 
they simultaneously and primitively represent uneven numbers prime to flA. We may 
therefore suppose that in /and F, a and A" are uneven and prime to 0A; we may also 
suppose that these numbers are prime to one another, because A" being prime to HA, 
and a being uneven, the binary form (u, V\ d) is properly primitive (Art 5), and so repre- 
sents numbers prime to its determinant. Lastly, we may assume that a and A" are 
positive. If the forms /and F are definite, a and A" are certainly positive ; if they are 
indefinite, A and Q are of opposite signs ; supposing, for example, that A is positive 
and 0 negative, let m be any positive number primitively represented by /, and M any 
number simultaneously and primitively represented by F, then M is positive as well as 
m ; otherwise wiMf, which is of the type MX*-|-0Y*-|-mQAZ®, would be a definite form. 
Positive numbers are therefore simultaneously and primitively represented by / and F; 
i. e. we may suppose a and A" simultaneously positive. The complete generic character 
of/ is then determined by the characters of a and A". But 
ad-^-b^^QA^ A'A"-B^=Aa, 

whence it follows that 


multiplying these equations tc^ether and observing that, by the laws of quadratic 
residue 




we find 


( 14 ) 


Let a and /3 retain the significations assigned to them in equation (11), Art 8 ; trans- 
forming quadratic reciprodty, we find 


( — A\ A"-l 4,+l A"**-! /\tf\ 
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and eq^tioii (14) b^^mes 
ot obsming that 


^ . . / « \ /A"\ 




Oj+A" A^+b OtA^+l AiB+I 

(-1)— • ”=(-l)-V“ 


and writing /and F for a and A" 

/2_1 IP2_, /inv 


i. A the generic character of/ satisfies the condition of possibility (11). 

Again, if/ is improperly and F properly primitive, let A" be prime to 2QA; then the 
binary form (a, b'\ cd) is primitive, because A" is prime to AQ, and improperly primitive, 
because /is improperly primitive. We may therefore suppose that Jo is tmeven and 
prime to QA'', and, as before, that a and A" are positive. Multiplying together the 
equations 

(it) X (p) =1. (-# ) (if,) =1, 

and transforming the result by the law of reciprocity, we find 




1«— I . Oi+I Aj-t-l 


i. e. the condition (12) is satisfied by the generic character of/. 

The case in which/ is properly and F improperly primitive, is the reciprocal of the 
preceding. 

To show that the conditions (11), (12), (13) are sufficient as well as necessary, other 
principles are required. These principles relate to the representation of binary by ternary 
quadratic forms, and will be found in the ‘ Disquisitiones Arithmetirae,* arts. 282-284 ; 
it will, however, be convenient briefly to restate them here, in a form suited for our 
present purpose. 

Art. 10. A binary quadratic form (_p, /,y?')or (p is said to be represented by a ternary 
form/ when/ is transformed into ^ by a substitution of the type 


ar=:a,a?+/3,3^. 


The repre^ntation is imid to be primitive when tlie determinants of the matrix 

a„ ft -7 

ft 
«« ft 

relatively prime. If p is primitively represented by /, / is equivalent to a form con- 
taining a part, to a finm/* of the type 

/'==F^4-y/-H3V-|-2^« 4- 22^as5-i-2/^, 
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for/ is transformed into sncfe a form by a substitution of which the matrix is 

«!» ft, y, 

/3„ y, 

“SJ ft* Ts* 

yii 7** y% denoting any three numbers which render the determinant of that matrix equal 
to -1-1. 

Let 

F=Pa;»4-Py+Fy+2Q3^2-f2Q'asj+2Q"a^ 

be the primitive contravariant of/, so that, in particular, 


(16) 

multiplying the equations 

pp/_ QS 

QQ'-P'Q"=Aj’’, I (16) 

PP' - Q«= A/ J 


(which result from the contravariance of/ and F) by a:®, 2a:y, / respectively, we obtain 
-A X (i)a;®+2/^+py)=(Q*--FFV---2(QQ'~F'Q''>^+(Q'^-PF')/ ; 
and this equation, considered as a congruence for the modulus F'^ becomes 

Ax?>+(Q4?— ....... (17) 

the coefficients of 2a7y, / in the left-hand member being all divisible by F'. If therefore 
is a binary quadratic form of determinant —HP", admitting of primitive representa- 
tion by a ternary form of order [Q, A], — A^ is a quadratic residue of F'. And we 
shall now show that if ^ is a primitive (and not negative) binary form of determinant 
— QF, P ' being of the same sign as A and prime to A, (p admits of primitive repre- 
sentation by ternary forms of the invariants [Q, A], whenever — Ap is a quadratic resi- 
due of P". 

Because — Ap is a quadratic residue of F', the congruence (17) admits of solution in 
integml numbers Q, Q'. Any solution of this congruence supplies a system of five 
numbers, P, F, Q, Q', Q", satisfying the equations (16). The greatest common divisor 
of these five numbers divides A, because p, /, j?' are relatively prime ; but P" is prime 
to A ; therefore the six numbers P, F, F', Q, Q', Q" are relatively prime. Let ^ and 
be determined by the equations - 

?2"-?'y= 11Q'> 1 ns) 

2P_j'2"=_QQ, / 

which are always resoluble because their determinant -y^'rsiQF' is different from 
zero. Also let/' be determined by the equation 

^a+^Q+yP^^QA (19) 

The values of g', are rational ; and, if they are fractions, their denominators, when 
they are expressed in their lowest terms, are divisors of F'. Substituting in (19) for 
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Qi, Q thdr dmTed from the equations (16) and (18), we find that Q*A is the 
determinant of the matrix 

JP . 2". s' 

( 20 ) 

. S', S,/ 

Let 

Q[pl Qb”], QCj-] 

Q[s"], W Q[s ] (21) 

Q[2'], Q[s], qot 

be the matrix reciprocal to the matrix ( 20 ); we know, from the equations (15) and (18), 
that [y]=Q', [£]=Q. Again, in the reciprocal matrices (20) and (21), we 

must have 

M[i>"]-[sT=Ap, 

MM 

W[/]-OT=M 

or substituting for jjg'], their values. 


QCy-F[g''3=A2'', 

MP"-a^=A/'. 

Comparing these equations with the equations (16), and observing that P" is not zero, 
we infer that 

[j,']=F, [2"]=Q'', [?]=?■ 

The matrix reciprocal to the matrix ( 20 ) is therefore 


and, consequently, 


QP , 

QQ", 

QQ! 

QQ", 

QF, 

QQ 

QQ^ 

QQ, 

QP", 

=Q'Q" 

~PQ, 


=QQ"- 

-FQ', 


'=PF 

-Q!’K 



( 22 ) 


These equations prove that the denominators of 5 ', are divisors of A ; i. e. that 
^ , y' are integral numbers, because P" is prime to A. The coefficients of the ternary 

ir 


form 


are therefore integral ; this form is primitive, and represents primitively the form (jp, 
j>') ; it is also a form of the given invariants [Q, A ] ; for its discriminant is AQ% and 
the greatest common divisor of the first minors of its matrix is Q ; hence its second 
invariant is A, and its first invariant either -pQ, or —Q. But when the given invariants 
Q and A are both positive, is a positive binary form of the negative determinant 
342 )<X!CLXVn. 2 P 
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ti¥e discriminant; /' u therefore definite, and its fibrst invaiii^ is ^^L Wbm. ibe 
given invariants O and A are of opi»site agns, ^ is a binary form of the positive de- 
tOToinant — j such a form cannot be represented by a definite ternary form ; is 
therefore indefinite, and, as its invariants must be of opposite s%ns, in this case also its 
first invariant is -j-Q. 

Also, if ^ is properly primitive and P" unev^, the forms /' and ¥ are both properly 
priaririve, one of the principal coefilcimits of each being uneven^ In this case, therefore, 
yp is represented by a form of the properly primitive order [Q, A]. If p is improperly 
primitive (a snpporition which implies that I2F'^3, mod 4), and if A is even, jf' is 
improperly primitive. For no properly primitive ternary form of even di^rinrinant can 
represent primitively an improperly primitive binary form, the supposition that (j?, 
p') is improperly primitive and p" uneven implying that the discriminant is uneven. And 
the same thing follows from the preceding analysis ; for, considering the equations (18) 
as congruences for the modulus 2, we find on the supposition that <p is improperly, pri- 
mitive, q^Q', mod 2, mod 2, andsubstitutingin (19},y'=:0, mod 2, so that /'is 

improperly primitive. 

Art. 11. We can now assign a properly primitive form of any given invariants [£2, A], 
and of any given generic character satisfying the condition of possibility. Let M be 
any number prime to 2A, of the s^e sign as A, and possessing all the particular 
characters (except the simultaneous character, if any) which are attributed to F in the 
given generic character ; also if £2 is uneven, and A uneven or unevenly even, we shall 
suppose that mod 4. Let <p be any properly primitive, and not negative binary 

quadratic form of determinant — £2M; and let m be any number prime to 2£2M 
which is represented by (p. By the theory of binary quadratic forms, the generic 
characters which are attributable to p, are (i) its characters with respect to primes 
dividing M, (ii) its characters with respect to primes dividing £2, (iii) its supplementary 
characters. These last are exhibited in the following Table, 


1 

D 

111 

Supplementary characters. 

j 1, mod 4. 

None. 

1 

j 3, mod 4. 

(-1) * 

^ 2, mod 8. 

(-1)— 

1 

j 6, mod 8. 

(f— 1 , 

j 4, mod 8. 

«5-l 

(-1)^ 

1 0, mod 8. 

{-!)-, (-1)“ 



ANm mmmjL of ^mMXs mmis . 
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te my pim divisor of M, a&d 1^ ms detom^ ^ ^ <d %* 

(9=(^) <®> 

fte secOTLd set by tke equations 

©=© ; P*> 

being a particnl^ cbaxacter of f, of which the value is assigned in the proposed 

generic character. With respect to the supplementary characters of p, it will be found 
on a comparison of the above Table with Table IL A, that, when the proposed generic 
character includes no simultaneous character, the supplementary characters attribu- 
table to are the same as those attributable to f ; we then assign to the supple- 
mentary characters of (p the same values which are assigned to the supplementaiy 
characters of / in the proposed generic character. But when the proposed generic 
character includes a simultaneous character, there is always a supplementary character 
(and only one) attributable to <p, and not tof; this character of p we determine so that 
the value of the simultaneous character of y* and F, and the value of the unit similarly 
formed with m and M, may be coincident This determination is always possible, as 
will be seen on a comparison of the cases (S) of Table IL A, witii the above Table of 
supplementary characters of binary forms. As we have now assigned a value to every 
particular character attributable to p, it is nec^sary to inquire whether a form p, 
possessing such a complete character, actually exists ; i. e. whether the character that 
we have assigned to p satisfies the condition of possibility for binary forms of determi- 
nant — QM. 

If, as in art. 8, a=+l, or —1, according as Q is of the form or 2 Q 1 Q 2 , that 
condition is 

n,M+i (p-i / <5 \ 

(25) 

or, since 

Ai+l.Ajip+l ®-l 

(_1)— *-V-=(_l)T, 

n,M+l A,+l 0,M+1 Ai0+1 / * \ 

( 26 ) 

But = by the equations (24), and if (again as in art 8) /3=+l, or —1, 
according as A is of the form A^Al, or 2 Ai Af, 

Sttbsthnting these v^u^ in (26), and observing that in every case 


(- 1 ) > • « 




we obtain 




Oi±l VH 
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But this equation is the equation (11) of art. 8, which is by hypothesis satMed by ^e 
proposed generic chara^er ; therefore the equation (25) is also satisfied; i e» a properiy 
primitive binary form p exists, of determinant — QM, possessing the goieric character 
which we have assigned to it. This form, multiplied by —A, is a quadratic residue of 
M ; for the equation 

(^)=i 

is satisfied for every prime dividing M, by virtue of the equations (23). Let, then, a 
ternary ioxmf^ of the properly primitive order, and of the invariants [fl, A], be deter- 
mined, representing <p primitively. The generic character of this form is completely 
determined by the numbers m and M, which are uneven numbers simultaneously repre- 
sented by /and F; it is therefore a form of the proposed generic chamcter. 

Of the two improperly primitive orders, it will suffice to consider that in which /"is 
improperly and F properly primitive ; so that Q is uneven and A even. Let M be a 
number prime to 2i2A, of the same sign as A, and satisfying the generic characters of 
F, including the congruence — H, mod4; also let <p be an improperly primitive 
binary form of determinant — HM; the generic characters attributable to <p are (i) its 

characters (ii) its characters These characters we determine, as before, by 

the equations (23) and (24). The complete generic character thus assigned to ^ is pos- 
sible ; for the condition that it should be possible is 


Transfonning by the law of reciprocity, we find 






0, + l A, +1,0)®-! 


an equation which the proposed generic character satisfies by hypothesis (equation (12) 
Art. 8). An improperly primitive form p of determinant — LtM therefore actually exists, 
having the generic character which we have assigned to it ,* i, e. ternary forms exist 
having the proposed generic character. 

It is evident from the demonstration that if M is of the same sign as A, prime to 2 A, 
and also (when Q is uneven and A uneven or unevenly even) congruous to Q, mod 4, 
there is always one genus of properly primitive binary forms of determinant — QM 
capable of primitive representation by a given genus of ternary forms of the properly 
primitive order [£2, A], of which the contravariant characters coincide with the charac- 
ters of M. And similarly, if A is even, Q uneven, M prime to A, and — O, mod 4, 
there is always one genus of improperly primitive binary forms of determinant — QM 
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<mpable of primiliTe represeirtation by a ^ven genus of ternary forms of the improperly 
primitive order [O, A], of which the contravariant characters coincide with the 
characters of M. And in both cases no other primitive form (if M is prime to Q, 
no other form, primitive or derived) of determinant —QM is capable of siich repre- 
sentation. 

Art. 12. By a rational substitution we shall understand in this article a substitution 
of which the determinant is unity, and of which the coefficients are rational. If the 
common denominator of the coefficients is prime to any number m, we shall say that the 
substitution is prime to m. 

If/, and/ are ternary forms, having integral coefficients, of which/ is a form of the 
invariants (O, A), and is transformed by a rational substitution, prime to 20A, into/, 
/ is a form of the same invariants, of the same order, and of the same genus as/. This 
may be proved nearly in the same way in which it is proved that equivalent forms have 
the same invariants and are of the same order and genus ; it is only necessary to observe 
that F, and F^, as well as/ and/, are transformable into one another by rational sub- 
stitutions, prime to 2(2 A. The converse proposition, 

“ If / and/ are two forms of the same invariants (U, A), of the same order, and of 
the same genus, they are transformable, each into the other, by rational substitutions 
prime to 2QA,” is also true, and is of importance in the present theory, because it 
establishes the completeness of the enumeration of the generic characters of ternary 
forms. To avoid the introduction, in this place, of principles relating to quaternary 
quadratic forms, we shall give an indirect demonstration of it, depending on the follow- 
ing lemma which relates to binary quadratic forms. 

“ If ^ 1 , are two primitive binary quadratic forms of the same determinant, and of 
the same genus, the resolubility of the equation ^)=M implies the resolubility of 
the equation ; and in the solution of this equation the value of z may be 

supposed prime to any given number 

Because and are of the same genus, is transformable, by a bipartite linear 
substitution, into the product Z representing a properly primitive form of the 

principal genus (Disq. Arith. art. 251). But % is transformable, by a quadratic sub- 
stitution, into the square of a properly primitive form \|/ (ibid. art. 287). Therefore, by 
a mixed quadratic and linear substitution, is transformed into the product 
Attributing, in this mixed substitution, to the indetenninates of <pi the values which 
satisfy the equation and to the indeterminates of any values whatever for 

which 4' acquires a value 2 ; prime to we obtain a solution of the equation 92 =Ms^. 

Let us first suppose that the given ternary forms/ and/ belong to the properly pri- 
mitive order of the invariants (H, A); let Mj, Mg be two numbers of the same sign as 
A, prime to 2QA, and primitively represented by Fj, Fg respectively ; we may suppose 
that mod 8 ; and that the repre^ntations of Mj and AL are simultaneous with 

the representations of uneven numbers by/ and/. Let pi, be two binary quadratic 
forms, of the determinants — OM„ — QMg respectively, represented by/, and/ simul- 
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tineotisly with the repre^itetions of M, and Mg by Fi aM Fg*. Then and me 
pmperly primitiYe ; their generic characters with respect to imeven primes diriding Q 
will coincide, becanse 

their supplementary characters will also coincide ; for the same supplementary characters 
are attributable to and these supplementary characters are determined for pj, 

in accoiriance with the supplementary characters of/j, or the simultaneous character of 
fi and Fi, and for p.j in accordance with characters which are the same with these ; 
lariiy, if ^ is any prime diriding both and Mg, the characters of and ^th respect 
in will also coincide ; for 

&)=(©)-(?)■ 

The remaining characters of and p^ (z. e. their characters with respect to primes 
diriding only one of the two numbers M, and Mg), being characters with respect to 
different primes, cannot be incompatible. The complete generic characters of p^ and <p 2 
are therefore compatible, and are satisfied by the numbers contained in certain arith- 
metical progressions. Each of these progressions contains (by the theorem of Lejeujte 
Dieichlet) an infinite number of positive and negative primes. Letjp be one of these 
primes of the same sign as H, and not dividing 2QA ; p will satisfy the generic cha- 
racters both of Pi and p^, and will be represented by some form of determinant —QMi, 
and of the same genus as <pi, and by some form of determinant — ilMg, and of the same 
genus as p^. Therefore, by the lemma of this article, will be primitively represented 
by Pi, and by p^, and 0^ denoting numbers prime to 212A. Let d>j, d >2 be tw^o 
properly primitive binaiy^ forms represented by Fi, Fg, simultaneously with the repre- 
sentations of hj fi, f^. The determmants of d>i, d >2 are — and 

it -will be found (as in the case of the forms Pi, p^) that the generic characters of d >2 
are compatible ; and that a prime P of the same sign as A, and not dividing 2QA, is 
assignable, such that P0^, P0^ are primitively represented by <I >2 respectively, 
0^ and 03 denoting numbers prime to 2QA. Thus the numbers P©f are simulta- 
neously and primitively represented by^, and Fj; the numbers P©^ are simulta- 
neously and primitively represented by and Fg. We may therefore suppose that is 
a form equivalent to/j, in which AJ=P©f, and that is a form equivalent to 

* If 

and if / is transformed into a binary form f by the substitution 

y=ctW +^'y, 

the representations of II by F. and of f by/, are said to be simultaueoue, or to appertain to one another (Gauss, 
Disq. Arith. Art. 2S0). 
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m ^i^€h A4=:P^, The firaclional form 


^[PX^+aY*H-j>QAZ*] 


is then transformed into by tiie substitution 

«. y: b[ 


0 J2A 

’ OA 


A" 


0 , 0 , 


J. 

0, 


of which the determinant is Pj), and into by a similar substitution of the same deto:- 
minant. Either of the two forms 4'2 consequently either of the two is 

therefore transformable into the other, by a rational substitution prime to 20 A. It will 
be found that if the signs of 0i, © 2 , ^ 1 , are properly determined, the primes P, p will 
not appear in the denominators of these substitutions. 

If /i and /2 belong to an improperly primitive order, the preceding proof requires very 
little modification. It will suffice to consider the case in which and are impro- 
perly, Fj and Fa properly primitive. We take O, mod 4; ^1 and <p^ are 

then improperly primitive and have compatible generic characters ; let 2p&l be repre- 
sented by <pi, and by ; 4>i and ^2 are properly primitive and of the determinants 
— 2Ap^, — 2 Ap^ 2 ^ these forms have compatible generic characters (their supplementary 
characters, in particular, being determined by those of Fi and Fg) ; let, then, P©i be 
represented by and P0^ by <I> 2 , and let us suppose that are forms equivalent 

in which «i=2p6h Ai'=P0h a^==2pd^, AjrrzP©®; the fractional form 

~[i(P+Q)X“+(Q-P)XY+KP4-Q)Y>+j^QAZ»] 
is transformed into by the substitution 


1 

—2 

0 , 


■ “©A”' 


1 


SJ 


" ^ eji ’ ^~@A” 

0 ’ ^ 


and into by a similar substitution. The determinant of each of these substitutions 
is Pj?, and the denominators of their coefficients do not contain the prime 2, because 
5j, hi, AJ, A 2 , © 1 , ©2 are all uneven, and because mod 2, B-j^hl, mod 2. Each 

of the forms firfi is therefore transformable into the other by a rational substitution 
prime to 20A. 

Art. 13. We have hitherto considered ternary forms of a negative determinant, defi- 
nite or indefinite ; we shall now confine our attention to definite^ forms. By a binary 
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form we shall henceforward -understand a positive form of negative determinant, by 
a ternary form a positive and definite form; and we shall occupy ourselves in the 
remainder of this memoir with the determination of the weight of a given genus or 
order of such ternary forms. 

A ternary form has always 1, 2, 4, 6, 8, 12, or 24 positive automorphics, i. e. automor- 
phics of which the determinant is a positive unit. The weight of a form is the reci- 
procal of the number of its positive automorphics ; so that a form and its contravariant 
have the same weight ; the weight of a class is the weight of any form contained in the 
class ; the weight of a genus or of an order is the sum of the weights of the non-equi- 
valent classes contained in the genus or order. When a number is represented by a 
ternary form, the weight of the representation is the weight of the ternary form. The 
weight of a binary form, or class, is also the reciprocal of the number of its positive 
^automorphics ; thus the weight of a binary form is always except when the form 
either is, or is derived from, a form of determinant —I, or an improperly primitive form 
of determinant — 3 ; in these excepted cases the weight -of the binary form is f and J 
respectively. When a binary form is represented by a ternary form, the weight of the 
representation is the product of the weights of the two forms. 

To determine the weight of a given genus of ternary forms, we avail ourselves of the 
principles introduced into arithmetic by Gauss and Dibichlet, and employed by them 
to determine the number of binary forms of any given determinant. ILet (/, F) repre- 
sent a given genus of ternary forms of the invariants [O, A], and either of the properly 
primitive order, or of that improperly primitive order in which f is improperly and F 
properly primitive. Let / 2 , • . . or {f) denote a system of forms representing the 
-classes of the given genus ; F,, Fg, . . . or (F), the primitive contravariants of those 
forms. Let M represent any positive number, prime to 2QA and satisfying the generic 
characters of F ; when (/, F) is a properly primitive genus, Q being uneven, and A 
uneven or unevenly even, we shall also suppose that M satisfies the congruence QM^l, 
mod 4 : the numbers designated by M will be subject to the restrictions here stated 
throughout the whole investigation. Lastly, let L be a positive quantity which we shall 
afterwards suppose to increase -without limit ; and let T be the sum of the weights of the 
representations by the forms (F) of all the numbers M which do not surpass L. The 
quotient T -r- L^ approximates to a finite limit, when L is increased without limit. Of 
this limit, we shall obtain two distinct expressions, the one containing as a factor the 
weight W of the genus (/, Fj, the other not containing that factor, and depending on 
the arithmetical relation which subsists between the sum of the weights of the represen- 
tations of a given number M by the forms (F), and the sum of the weights of the properly 
or improperly primitive binary classes of determinant — QM. A comparison of the two 
expressions will then give the required weight of the genus [f, F). 

Art. 14. The first determination of the limit of the quotient T-rL^ depends on the 
folio-wing auxiliary propositions, in which F represents any form of the system (F). 

(1) If S is an uneven prime dividing A, F acquires a value prime to S for 1) 
systems of values of x, y, z, mod I, 
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M^- lart^ 1, ipe wmf cwi^er any forms eqnitalmt to / and F, we may snp- 

F satkfy, for any asmgned powers of the uneren prim^ diTiding QA, 
^ ^jngraeimes of Art. S, 

f s (S6ar*4'/3%*4- yQ Ar*, 

F^|3yQAr® + ayAjr* + a/3r*, 

o|3y=l. 

The congrueiK^ F=0, mod is then satisfied by S® systems of values of y, 2 , mod S ; 
for 2 must be divisible by but w and ^ may have any values, mod § ; F is therefore 
prime to ^ for the remaining 1) systems of values of ar, y, 2 , mod A 

(2) If » is an uneven prime dividing Q, but not A, F is prime to O, for 1) 

systems of values of 4 ?, y, 2 , mod«. 

For if F^O, mod », r may have any value, mod a», but y and 2 must have values satis- 
fying the congruence Diod «. If ^ = — 1, the only values of ^ and 

2 that satisfy this congruence are ^=0, 2=0, modw; and the congruence F=0, mod^y, 


is satisfied by '<b systems of values of 4 :, y, 2 , mod m. If = +lj the coi^yuence 

yAy*-f /3z*^0, mod «, is satisfied by 2«--l systems of values of y and 2 ; in this case 
therefore the congruence F=0, mod4», admits of «(2»— 1) solutions. And, observing 

that ^ ~ cases alike that F is prime to u for 

<»(«— 1)^»— ^ systems of values of a:, y, 2 , moda>. 

(3) It is evident fiom the congruence 


F=Aa;*-FA'y*-[-AV, mod 2, 

in which one at least of the numbers A, A’, A" is uneven, that F acquires an uneven 
value for 4 out of the 8 systems of values, mod 2, which can be attributed to x, y, 2 . 

• (4) If QA is uneven, the number of solutions of the congruence QF=1, mod 4, is 

8 ( 2 -^). 

For this congruence naay be vpritten in the form (art. 6) 


J^od 4, 

a, y representing uneven numbers which satisfy the congruence a+ZS-f-y-Fl^^? 
mod 4. Of the three numbers 4 r, y^ z one must be uneven, the other two even. The 
number of solutions in which x is uneven, y and 2 even, is 8 or 0, according as ce=-|“li 
or =— - 1, mod 4. The whole number of solutions is therefore 

12+C(-l)’^+(- 

i, e. 24, or 8, awarding as the ccmgmences a=/3=y=l, mod 4, are, ot mre not satisfied ; 
or again (Art. 6), according as or T=4*l* The congmem^ OF=l, mod 4, 

admits therefore of 8(2— T} solurioM. 

MDCCci^ir. 2 q 
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(6) If O is 'BQttevm, aad A womesHy eveoo, f m trdU m F beij]^ propar%^ 
there me 16 sol^itieos M tke congmeiice OF^l, ]^©d 4; im ^us coQ^ea^ aaaf be 
written in the foun (Art 6) : 


2a^-f W+725*^1» mod 4. 

For clearness, we shall henceforward represent by r any uneven prime ^Tiding both 
O and Ai by I any uneven prime dividing A, but not Q ; by any uneven prime 
dividing Q, but not A. Let fc2— "F, if Q^A^l, mod 2; 1=2, if, /and F beh^ 
properly primitive, G is uneven and A unevenly even; fi=4 in every other ca^ ; also 
let 

V=4nrxII»XlI^, 


C^ombining the lemmas (1) . . . (6) we obtain the theorem — 

“ The form F represmits numbers of the series M for -il; ( V) of the V* systems of v^^s, 
mod V, that can be attributed to r, y, z.” 

I^t Zi represent one of these ^(V) systems of values ; it is evident that F repre- 
sents a number of the series M for every system of values of a?, y, z included in the 
formulsB 


y^VY-^y,, 

2j=VZ4-^„. 


(27) 


in which X, Y, Z represent any integral numbers whatever. It is also evident that 
there are as many systems of values of a?, y, z included in the formulse (27), for which F 
acquires a value not surpassing L, as there are points having their rectangular coordi- 
nates of the form 

/|. — VX-f-aff 
^ 




v'L 


and lying inside, or on the surface of, the ellipsoid, 

F(ar, y, 2:)=1 (28) 

Let Mi be the number of these points, and let L be increased vdthout limit ; the limit 
of the fraction is the volume of the ellipsoid (28), or f Extending this result 

to aH the 4/(V) values of f, we find 


lim 



lHv) _5_ 
V> 'Av/S' 


• m 
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Lei r be tbe mm of tbe weights of the representations of the nmnbers M which do not 
L by the fom Fj and let w be the weight of / or F, so that r=^wXv^ ; the equa- 
tion {2b) b^jmes 



( 30 ) 


or considering in succession all the forms of (F), and observing that T=2r, W= 2w, 

T 

whi(h is the first determination of the limit of the quotient j-|. 

Art. 15. The second determination of the limit of the quotient T -^L^ depends on the 
following theorem : — 

“The sum of the weights of the primitive representations by the forms (F) of a g^ven 
number M divisible by unequal primes, is times the weight of a genus of binaiy’ 
forms, of determinant — QM, and properly or improperly primitive, according as the 
forms (/) are properly or improperly primitive.’’ 

The principles which give the demonstration of this theorem are contained in Arts. 
280-284 of the ‘ Disquisitiones Arithmetic©,’ and have been in part already employed in 
Art. 10 of this memoir. We have shown in Art. 11 that one genus and only one of binarj' 
forms of determinant — QM admits of primitive representation by the forms (/) of the 
ternary genus (/ F). Let <pi, <p 3 , . . . or (<p) be a system of forms representing the classes 
of that binary genus ; these forms are properly or improperly primitive, according as the 
forms (/) are properly or improperly primitive : let n be their number and v the sum 

of their weights ; as their weights are aU equal, the weight of each of them is ^ ; so that 

each has ” positive automorphics, and is transformed into any equivalent form by ^ 

positive substitutions. We shall first show that the sum of the weights of the primitive 
reprei^ntations of the forms (<p) by the forms (/) is equal to 2'*x«' ; and secondly, that 
the sum of the weights of the primitive representations of the numbers M by the forms 
(F) is equal to the sum of the weights of the primitive representations of the forms ((p) 
by the forms (/). 

(i) Each of the n congruences 

— A<p:={Q^— Q'^)*, mod M, (32) 

in which Q, are the numbers to be determined, is resoluble, and admits of 2** incon- 
gruous solutions. From ^ch such solution we deduce, by the method of Gauss employed 
in Art. 10, a ternary form/' of the given genus, containing one of the forms (^) as a part, 
and having Q, O', M for the coefficients of 2yz, 2xz, 2 * in its primitive contravariant. 
There are of these forms (/); none of them is the same as any other, and none 
of them can be transformed into any other by a substitution of the type 

2q2 
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1, e, *' } 

0, 1, * (SS) 

0 , 0 , 1 ; 

for if one^of them could be so transformed into ano&er, these two would contmn as a 
part the same form and the values of Q, Q' in the primitive contravariant of the one 
would he congruous, for the modulus M, to the values of Q, in the primitive contra- 
vmant of the other ; the two forms would thus be derived jfrom the mme solution of the 
same congruence (S2). Again, the primitive representations of the forms (^) by the 
forms (f) are equal in number to the positive transformations of the forms (f) into the 
forms (f^). For every positive transformation of a form of (f) into a form of (/') 
supplies a primitive representation of some form of (<|J) by that form of (/); and these 
representations are all different, because the same formy*cannot be transformed into two 
of the forms (/^), or twice into one of them, by positive substitutions of which the first 
two columns are the same ; otherwise one of the forms {f) could be transformed into 
another by a substitution of the type (33), or else one of those forms would have an 
automorphic of that type, whereas no substitution of the type (S3), in which « and 
are different from zero, can be an automorphic of any ternary form. There are therefore 
at least as many different primitive representations of the forms (<p) by the forms (/), as 
there are positive transformations of the forms (f) into the forms {f). And there are 
no more ; for if 

a , /3 
a', 0' 
a", i3" 

is a given primitive representation of ^ by/, let y, /, be numbers which render the 
determinant of the substitution 

a , P , y 

c*', P', / (34) 

a", ^3", / 

equal to -f-l ; and let / be the form, containing <p as a part, into which / is transformed 
by the substitution (34). The coefficient of z* in the primitive contravariant of/ is 
H, and if the coefficients of 2yz, 2xz in that contravariant are Q,, O',, these numbers 
supply a solution of the congruence (32). Let / be that form of (/) which is deduced 
from this solution ; then/ is equivalent to/', and is transformed into it by a substitution 

of the type (33), in which «=— Therefore/ is tonsformed into/' by 
the substitution 

» , P , y ri-^'a -f «/3 
o', p', 
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i e, tiie primitive repre^ntetion of ^ by/ is included anumg those supplied by the 
pc^ye transformations of the forms {/) into the forms (jP). lius the number of the 
primitiye representations of the forms (<p) by the forms (/) is equal to the number of 
the pcmtive transformations of the forms (/) into the forms {/) : to obtain the sum of 
the weights of these representations, we consider, in particular, /one of the forms of (/) ; 

let d be the number of its positive automorphics, so that i is its weight, and let s be the 
number of the forms (/) which are equivalent to it Then there are ds primitive repre- 
sentations of the forms (p) by/; but the weight of each of these representations is ^ x ~ ; 
the sum of the weights of the primitive representations of the forms (<p) by /is therefore 
SX“. Extending this conclusion to all the forms of (/), and observing that 2s is ^nal 


to the number of the forms (/'), i. e, to 2'‘xn, we find that the sum of the weights of 
the primitive representations of the forms (<p) by the forms (/) is 2** X v, 

(ii) Let M=F(r, F, V) be a given primitive representation of M by F; and let 


a , /3 

IS' 

a\ / 3 " 


(35) 


be a matrix, of which the constituents satisfy the equations 

a"/3--a/y'=r, ai3'-.«'/3=r' (36) * 

xill the matrices, of which the constituents satisfy these equations, are then included in 
the formula 


a , ^ 
o', 


x|®| 


(37) 


in which |tj| is a square binary matrix of which the determinant is -f-l* Thus the 
binary forms, which are represented by / simultaneously with the given representation 
of M by F, are all equivalent to one another, and to some form of (<p) ; let ^ be that 
form of (p) to which they are equivalent, and let us suppose (as we may do) that / is 
transformed into p by the substitution (35). Substituting sucoesavely for |t? j in the for- 
mula (37), the ~ positive automorphics of p, we obtain ” representations of p by /*. 

these representations are all different, and they include every representation of p by / 
which is simultaneous with the given representation of M by F : the weight of e^h of 

them is ^X the sum of thdr weights is therefore equal to ^ or to the weight of the 

given representation of M by F. Henc^ the sum of the weights of aU the primitive 
repre^ntatioas of M by the fonns (F) is equal to the sum of the weights of the simul- 
timeous representations of the foms (p) by the forms (/), or, which is the same thing, 
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to mm of fiia w^kts of M tke primitive repar^eatations of Ike fo&ds (f ) % the 
forms (/); bemwse every primitive representation of a form (p) by 'a form (/) is iwatil- 
taneons with one and mdy one primitive representation of M by a fonn (F)« 

Combining the cmclnsions (i) and (ii), we obtain the result ennnciated at riie b^imring 
of this a:^cle. 

Art. 16. Let a- represent the number of uneven primes dividing O, counting tho^ 
which also divide A ; let ff's — 1, when — 1, mod 4* ; ff'rs-f-lj when QsO, mod 8 ; 

mid in all other cases. Let also ^QM) and A'(QM) be the weights of the properly 
and improperly primitive orders of binary forms of determinant — QM; then 2^x«> 

or , according as the forms (/) are properly or improperly primitive* 


If X* is any square divisor of M, the sum of the weights of those representations of M 
by the forms (F), which are derived from primitive representations of ^ by the same 




forms, is 


2<r+<T' 


aM\ 

A" J 


Therefore the sum of the weights of all the representa- 


tions of M by the forms (F) is ^ 7 +^ ? , the signs of summation extend- 
ing to every square divisor of M. Or, if we represent by H(QM) the sum of the weights 
of those uneven binary classes of determinant — QM which are prime to Q, and by 
H'(QM) the sum of the weights of those even classes of determinant ~QM which are 
prime to Q, the sum of the weights of all the representations of M by the forms (F) is 


H(aM) _„H»{QM 


according as the forms (f) are propm-ly or improperly primitive. 
Art. 17. We now consider the sums 


X[xz--f=mq, (38) 

r[arr~/=QM] (39) 


In both the sign of summation extends to every solution in integral numbers of the 
equation 

-^=QM, 


in which the gr^test common divisor of a:, y, z 
the inequalities 

ir>0, ^>0, 


is prime to Q, ^d in which f , z ^sfy 


z>0,'| 

x^z / 


(40) 


But, in the first sum, one at least of the two numbers x and z is uneven ; in rite second, 
X and z are evmi, and y is uneven. The symbol [ar2-~y^s=QM] is 1, or 4? or i? it 


If iMs congruence is satisfied by smy one number of tbe series M, it is satisfied by every number of that 
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i^oriing as lb# inecjmlities {^) are satined, aE sl^ of eqaiaEty, or 

admitting one, or two, or three such signs* Again, representing by (2^) the absolute 
^ue of 2^, we bb^rve that a reduced binary form is a form {x, s) of which, the coef- 
fidents sati^ the inequalities, 

(i) ar>0, 
w^(2y)^z, 

(ii) If^={%^), 

If x~z, 

and that, by a fundamental proposition in the theory of binary forms, every class con- 
tains one and only one reduced form. Attending only to those uneven classes of deter- 
minant — -QM which are prime to Q, and comparing the inequalities (40) and (41), we 
find that the sum (38) contains (i) an unit corresponding to every pair of reduced foims 
(^r, y, 55), (a:, — z) of which the coefficients satisfy none of the equalities ^=0, x=z2p, 
x=:z ; (ii) one-half of an unit corresponding to every reduced form of which the coeffi- 
cients satisfy one of them ; and (iii) one-fourth of an unit corresponding to a reduced 
form (if there be such a form of determinant — QM prime to Q) of which the coeffi- 
cients satisfy the two equalities, y=0, x—z, and of which the weight is consequently 
We thus obtain the equation 

H(QM)=:S[^~j^=OM]. 

Again, attending only to those even classes of the uneven determinant — QM which are 
prime to Q, we find that the sum (39) contains units corresponding to pairs of reduced 
forms, and half units corresponding to single reduced forms; it also contains one-sixth 
of an unit corresponding to a reduced form (if there be such a reduced form of determi- 
nant — QM prime to Q) of which the coefficients satisfy the three equalities 2y’=-z^ 

05=2, and of which the weight is consequently We therefore have the equation 

H'(QM)=2'[a52~3^=QM]. 

Art. 18. According as the forms (/) are properly or improperly primitive, let 

T=X.2[o52~-y=QM], 

or 

T=2.2X^2-/=QM], 

the first si^ of summation extending to all values of M not surpassing L ; so that, in 
both cases alike, 



2 > 0 , 

x^z. 

y>o, 

yso.J 


(41) 


X 

To determine the limit of the quotient when L is increased without limit, we shall 


again employ Ihe geometric metlm^ of Gauss. For its application here the following 
pieliminmy lemmas are requimte, relating to the arithmetical properties of the function 
xz-^f. 
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(1) is any im@T^ prime, and m any given number, the coii^ruen^ 

modjp, ........... (42) 

admits of j? sortitions. 

For if 1, is prime tojp for ^—2 values of and is #risibleby j? for 

2 values of When ^-{-m is prime top, we may asrign to z any value prime to p, 

determining w by the congruence we thus obtmn (p— l)(p— 2) solutions 

of (42). When is divisible by p, the congruence xz^O, modp, admits of 2p — 1 
solutions; we thus obtain in all (p— l)(p— 2)+2(2p— l)==p(p4-l) solutions of (42). 

If = — 1, is. prime to p for every value of y ; there are thus p(p— 1) 

solutions of (42). 

Lastly, if =r), i. e. if m=0, mod p, is prime to p for p— 1 values of y, 

and divisible by p for one value of y. There are thus (p— l)®+2p~l=p^ solutions 
of (42). 

We shall have to use the following corollary of this lemma, 

K m is prime to p, and if we successively attribute to ar, y, z the p® systems of values, 
mod p, of which they are susceptible, wz-^y^ will have the same quadratic character as 

m for 3p(p~l)rp4‘^’^^J of these systems. 

(2) The congruences S, 5, 7, mod 8, each admit 48 solutions in which x 

and z are not simultaneously even ; of the congruences, xz—’f = 3, =7, mod 8, the first 
admits 16, the second 48 solutions in which x and z are simultaneously even. 

For example, let the proposed congruence be 3:2— ^^3, mod 8. If y has one of its 
four even values, mod 8, we may give to z any one of its four uneven values, mod 8, and 
determine the value of a: in the resulting congruence ; we thus obtain 4x4 solutions in 
which X and z are uneven. If y has one of its four uneven values, mod 8, the con- 
gruence becomes xz^4^ mod 8, which admits of 8 solutions in which x and z are not 
simultaneously even, and 4 in which they are simultaneously even. There are thus 
(4x4)-l-(4x8)=48 solutions of the congruence 3, mod 8, in which x and z 

are not simultaneously even, and 4x4=16 in which x and z are simultaneously even. 

(3) If p is any prime, even or uneven, i and i' integral exponents, of which i > 0, ^ 0, 
and m any given number, prime top, or divisible by any power of p, the congnmnce 

xz^ff^rrvpU modp*'^*' . (43) 

admits of p**'*"^ ^1— yrimiUm solutions, i. e .solutions in which x^ p, s, or, which is 

the same thing, x^ z are not simultaneously divisible hyp. 

(i) If the assertion is true for i, i, and it is true for * 4-/, For, on writing 

for m in (43), it b^omes 
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if therefore the former congruence admits 

primitive solutions, the latter does so too. 

(ii) If the assertion is true for 0, it is also true for i’, where 
For if 5 ^, 2 is a given primitive solution of 

xz—y^^mp\ mod^*, (44) 

a’, Zp^-\-z is a primitive solution of (43), whenever X, Y, Z satisfy the 

congruence 

mody'. 

This congruence admits of y*' solutions ; for the given numbers x and z are not simul- 
taneously divisible by p. Thus from each primitive solution of (44) we obtain y*' primi- 
tive solutions of (43). These solutions are all different, and exhaust all the solutions of 

(43) ; if therefore (44) admits ofy‘ solutions, (43) admits ofy*'^^‘'^l— solu- 

tions. 

(hi) The assertion is true if ? = 1, ^'=0. For (lemma 1) there arey solutions of the 
congruence y=0, mod^, and of these one is not primitive. 

"ITc proposition is, therefore, true universally. We shall have to employ the follow- 
ing corollaries from it. 

(1) The function xz—f is dirisible byy, but not byy''^ fory’(^ — 1)^(^-+-1) systems 
of values of x. y, r, mod ; the values of x, y, z not being simultaneously divisible hyp. 

(2) If j-; is an uneven prime, the quotients obtained by dividing these p^p—^fip + 1) 
values of xz—y~ hy p% are half quadratic residues, and half non-quadratic residues of p. 

(3) if p=z2. the function xz—y^ is divisible by 2‘, but not by 2‘+S for 3x2"*+® systems 
of values of x, ?/, mod 2‘+\ the values of x, y, z not being simultaneously even. And 
if these 3x2"*^® values of xz—y- be divided by 2‘, one-fourth part of the quotients is 
contained in each of the linear forms SA'-l-l, 3, 5, 7. 

Art. 19. Let V=80xn/’X Oa/Xlld, and let us successively attribute tox,y, z m the 
function xz~y^ the V" systems of values, mod V, of which they are susceptible; let 
^(V) represent the number of those systems, in which the greatest common divisor of 
X, y^ z is prime to V, and wdiich give to xz—y^ a value divisible by O, and such that the 

quotient is a number of the series M ; if the forms (/’) are properly primitive, x 

and z are not to be simultaneously even ; if those forms are improperly primitive, x and 
z are to he simultaneously even. We shall now show that ?>(V) is determined by the 
equation 

^(V)=:|x,xv^x^xn(i-i)xn(i-l)xn(i-y, 

X ni(i-i) X n(a-^) X ni[i+ (^) i] . 

2 E 
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7j being a coefficient ofwMcli the value is 1, or as shown in the following 

Table. 


(i) (f) properly primitive. 



Q^l, mod 2. 

Q^2, mod 4. 

£2^4, mod 8. 

£2^0, mod 8. 

A^l, mod 2. 

i 

1 

r a,/+j-i 

i[3+(_l)T-J 

i[3+(-l)^3 

A^2, mod 4. 

i 

1 

1 

2 ! 

i 

A=4, mod 8. 

i 

1 

a 

1 

2 

i 

A=0, mod 8. 

i 

1 

4 

1 

4 

X 

4 


(ii) ( / ) improperly primitive. 


A=2, mod4. 

i 

A=0, mod 4. 



To establish the equation (45), we consider separately the different primes dividing V. 
And first let us take an uneven prime dividing A but not Q. Of the systems of 
values of z, mod 

give to 3cz—'f2t. value prime to S, and satisfying the equation (Lemma i, Cor.) 

/xz—y^\ /HEX 

Secondly, let us consider an uneven prime u dividing O but not A ; and let be the 
highest power of u dividing O. Of the systems of values of iP, y, z, mod 

(l-i) X (l-i*) sptems, 

in which y, z are not simultaneously divisible by <y, render xz—'f divisible by <»*, and 
also render the quotient prime to u (Lemma iii. Cor. 1). 

Thirdly, let us consider an uneven prime r dividing both A and £2, and let r* be the 
highest power of r dividing Q. Of the 7^'^^ systems of values of x, y^ z, mod 

(l-;) Xi(l-^9) systems, 

in which x, y, z are not simultaneously divisible by r, render xz — y^ divisible by 

* It wifi be seen that 4^ in the Table (i), is in every case the number of the linear forms 8^-t- 1, 3, 5, 7, in 
which the numbers M are contained. 
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bmt not by and also render the quotients — all quadratic residues, or all non- 
quadratic residues of r (Lemma iii. Cor. 2.). 

lastly, let us consider the even prime 2, and let 2‘ be the highest power of 2 dividing Q. 
Considering separately the eighteen cases of the Tables (i) and (ii), we find that of the 
23»+» systems of values of y, s, mod 

I X ?? X 2^"^® X \i systems 

(in which z are not simultaneously even, but x and z are or are not simultaneously 
even, according as the forms (/) are improperly or properly primitive) give to 

an integral and uneven value, satisfying the supplementary character (if any) of ^ F, 

and, if the forms (f) are properly primitive, satisfying the congruence xz—^^\^ mod 4, 
when 12 is uneven, and A uneven or unevenly even. 

For example, let ^^l, A=0, mod 8. Here F, or F, has two supplementary 
characters, and of the 2®*'^® systems of values of j’, y, 2 , mod 2''^®, 

I X i X X ^ systems, 

in which x and z are not simultaneously even, give to — an integral and uneven 
value, satisfying the supplementary characters of ^ F (Lemma iii. Cor. 3). 

Again, let ?^2, A^l, mod 2. Here F has or has not a supplementary character, 

according as(-- 1) ^ = — l,or=-j-l. In the former case, of the 2®*'*'® systems of values 
of X, y, 2 , mod 2’"^®, 

I Xix2®'‘'®x|, systems 

(in which x and z are not simultaneously even) give to an integral and uneven 

value satisfying the supplementary character of § F. In the latter case, of the same 
231+9 systems of values, 

f X 1 X 2^^-"^ X I systems, 

in which x and z are not simultaneously even, give to — an integral and imeven value. 

Both results are comprised in the formula 

r A/+ 1-1 1 

fxiL3+(“l)“jX2®*^»X2,- 

As a third example, let 4=0, A^O, mod 4, and let the forms considered be of an im- 
properly primitive order. Then QF^3, mod 4; and either 12F^3, mod 8, or QF^7, 

2e2 
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mod 8, The congruence ^ 2 — ^=QF, mod 8, in which only even values of w and z are 
to he admitted, is satisfied in the former case by 16, in the latter by 48 systems ; i. e. in 
either case by 

I X iV[ 24 -(— X 2 ® systems. 

The formula (45) results immediately from the combination of these determinations 
relative to the primes r, and 2. 

Art. 20. Let a:,, z, be one of the <p(V) systems of values of a*, y, z, mod V, defined 
in the last article; and let us decompose the sum T of art. 18 into ^(V) partial sums 
Ti, Ts, . . ., comprising in the sum T, all those terms of T in which z are of the 
linear forms 

.r=VX4-^„ 

^=VY+y.., 

2:=VZ+2„ 

X, Y, Z denoting any integral numbers whatever. The sum T, is equal to the number 
of points having their positive rectangular coordinates of the forms 


v'fJL 


and lying within the byperboloidal cuneus, bounded by the planes 5 /= 0 , w=z, ;r=2^, 
and the hyperboloid xz-^y^=l ; points lying on the byperboloidal boundary are counted 
as lying within the cuneus ; points Ijdng on its plane boundaries are counted as ^ each, 
and points lying on the intersection of y=0 with and with x—2y respectively as 
J and Let V be the volume of the cuneus, and let L be increased without limit ; we 


have 




and since this limit is thus ascertained to be the same for all the partial sums Ti, Tg, . . , 


or, which is the same thing, 


limJ=Q»x2|ixV, 

limJ=^,XQ»X^XV. 


The value of V may be determined by dividing the cuneus into laminae parallel to the 
plane of xz; if A be the area of a section at a distance y from that plane, we find 

A=(l4-/)[ilog(l+/) - log23;]-J(l-3/); 


whence 


y=^ydy=l. 


(46) 
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Substituting for and for V their values, given by the equations (45) and (46), we 
find 

xni(i-^,)xni(i-i,)xni[i+(::^)i] 

T 

which is the second determination of the limit of the quotient £|. 

Finally, equating the two values of this limit, and denoting the coefficient FX^by 
I?, we obtain the following determination of the weight of the proposed genus, 

w=^^x?xni(i-i)xni[i+(^i]xni[n-(=f^)|], . . (48) 

the values of f (which are computed from those of (/, ;?, beiug as follows : — 

(A). — (/) and (F) properly primitive. 



mod 2. j£2iH:2, mod 4. 

12-== 4, mod 8. 

Q=0, mod 8. 

A-^1, mod 2. 

iP+'i'] 

i 

i[8+(-l)^] 


A =2, mod 4. 

i 

i 

1 

4 

1 

8 

A^4, mod 8. 

r nF+i -1 

|L3+(-1)— J 

1 

1 4 

^ i 

1 

8 i 

A-^0, mod 8. 

! 

! ! 

r QF+i“i 1 

iaL^+(-- 1) "" J; 8 j i 

tV 


(B). — (/) improperly, (F) properly primitive. 
QheI, mod 2 ; QF^3, mod 4. 


A ^2, mod 4. 

i 

A^O, mod 4. 

r n2F2-i-| 

^2-l-{-l)— J 

(0). — (f) properly, (F) improperly primitive. 

A^l, mod 2 ; A/^3, mod 4. 

12=2, mod 4. 

i 

Q=0, mod 4. 

A[2+(-1)^] 
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The last of these Tables is obtained by reciprocation from the second. 

The result in the case A=:=l, mod 2, is given in the memoir of Eisensteii? (Crelle, 
Tol. XXXV. p. 128). 

Alt. 21. The equation (47) may also be deduced from the theorem of Art. 15 by another 
method. We consider first and principally the case in which the forms (/) and (E) are 
both properly primitive. 

From Art. 16 we obtain the equation 


T 1 


)} 


the interior sign of summation extending to every square divisor of M. Inverting the 
order of the summations, and designating by m any number prime* to 2Q A, we may 
write this equation in the form 


T=: 


2 <r+a' 


S' 


/i(QM). 


But, by a theorem of Lejeunb Dirichlet, 

A(QM)=iv/SM2(^)^, 

the sign of summation extending to all uneven numbers prime to OM. The limit of 
T 

— is therefore the limit of the expression 


_1_ ^x-xT'“l 




m=l il>] 

or, leaving the summation with respect to n to be effected last, of the expression 


2-+-^ TT = i L2m5=1 \ / 


(49) 


In this expression n is uneven and prime to Q ; but n is not necessarily prime to A. 
Let n\ denoting the greatest square dividing n, so that % is a product of unequal 

primes ; also let v represent any prime dividing n, other than one of the primes I ; and 
let tj represent or 1, according as the numbers M are contained in one, two, or 
all four of the linear forms 8A;-|-1, 3, 5, 7 ; so that tj has the same value as in Art. 19. 
The limit of the sum 




(60) 


IS zero, or 


5x(-^)xn(i-yxni(i-;)xni(i-l)xn(i-i)x^. • (si) 

accordu^ as % does or does not contain any primes other than the primes S. For, in 
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the sum (60), it is only necessary to consider those numbers M which are are prime to n ; 
because =0, if M is not prime to n ; and if 

v=8ii<yxnrxnsxnv, v 

;f{V)=Vx4.xn(i-i)xni(i-^)xn4(i-i)x n (i-i), 

the sum (60) contains x(V) numbers M inferior to V ; let these be represented by 
a^i, a^ 2 , . . . Xi ; then all the numbers M, which enter into that sum, are contained in the 
x(V) linear forms and the sum (60) maybe decomposed into;^(V) partial sums, 

of which the sum 

is one. The limit of this sum is 

3X^x-.x(— j- 

so that the limit of the sum (60) is 

„ 1 1 ^ /-n^rA 

Ha^A 

’ ) are one half 

equal to 4-1, and one half equal to —1; in this case, therefore, the limit of the 
sum (50) is zero. But if ^^2 contain no prime other than the primes the symbols 

^ - are all equal to one another and to J and the limit of the sum (50) is 


! . .X(V) w 
rx ^ X 


1 /-flFX 


in accordance with the formula (51). Substituting in the expression (49) for the sum 
(50) its limiting value, we find 


r T 1 


X 


X^^X2%| 


^ X 5 X n(i-i) X ni(i-^) X n4(i-|) 


In the sum 




n\n„ 


(62) 


the summations extend to all values of com- 


i of unequal primes S, and to all values of prime to 20 ; v is any prime divisor 
of n,, other than one of the primes h. Thus the two summations are independent, and 
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K-^)i=n[.+(=S-’)a 



> ^ 1 

I , 




xn 


l_i 1_1 1_1 1 T-irl l + i+- 

xn i+-/+-r+V+-- =n 1-^ xn— ^ 

L " J L ° J i + i 


the last sign of multiplication extending to all primes v which do not divide 20 A. Also 


1 -n 1^^ 1 1 

1 o’ I iH 1--55 

m-l ^ y y 


so that the product 


is equal to 


2ix2S(— 

n[i+(^)l]xn;^xn-i,, 

^52 1 ^2 

?n[i-;?] X n [i-i] X n [ 1 + (:^yj, (5S) 


«,2 l-p y2 

is equal to the sum of the squares of the reciprocals of the uneven numbers, that is to ™ . 
Substituting for the product (52) its equivalent (53) in the equation (51), we obtain the 
formula (47). 

If the forms [f) are improperly primitive, we have to employ the equation 


and the proof is the same as in the former case. Only, if A =2, mod 4, it is convenient, 

n--l |Ma-l a 

on account of the factor 2 - 1 - (—1) » s ^ separately to determine the limit T^L® for 
the numbers M which satisfy the congruences M~30, M=7Q, mod 8; and then to 
add the results. 

Art. 22. The weight of an order (Art. 13) is the sum of the weights of the genera 
contained in the order. The determination of this sum may in every case be etfected 
by means of the formulae 
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E..{ni[i-J]xn>[,+(r^)l]xniri+(=f!)!]} 

-n(.-i). 

»-^(i)©ni['-i]n[i+(=i?f)gxn»[i+( 


OF\ I 

a 


= 0, or : 


■ (-ir 


n,A, 


A^j-i 0^-1 

xa « XjS » xn 




according as Q, Aj is or is not divisible by any of the primes r ; i. e. according as OjA, is 
not, or is prime to tbe greatest common divisor of Q and A. lii the expressions of R and 
R' the signs of summation extend to every combination of the equations 

({) = + l^or~l; or — 1; = + or — 1 ; + or — 1 ; 

i e. the value of the continued product is to be determined on each of these suppositions, 
and the sum of these values is to be taken. * From this definition it is evident that in 
the sum R, we may substitute for any factor of the form 


a factor of the form 




(=0 

or 

*l[‘+(T)i]+[‘-(T)g) <“i 

outside the sign of summation, j^d similarly for any factor | may substitute 

the factor 


outside the sign of summation. Observing that the factors (54) and (55) are all positive 
units, we obtain immediately 

R=n(i-i)- 

Again, if a prime r divide Q, or Aj, the sum R' vanishes, being composed of pairs of 
terms equal in absolute magnitude and oppodte in sign ; if, for example, r divide 

the two terms in one of which contained in is and in the other —1, 

but which are in other respects identical, will destroy one another. But if none of the 
primes r divide Q, or A„ we replace those factors of the general term of R', which 
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primes not diviiliBg and A^, by &ctom placed miMde the s%& of svoamatlcm ; 
we thus find 

E'.n(i-J)j{ns[@+(^)i]xni[@+(^)y}, 

where only primes «, which divide and primes which divide Aj occur sdter the sign 
of summation. We then substitute for each factor containing; «y, or a fector of the 
Jform 

(^) (^) 31 = ) h 

or 

*t+(T)a<-+{x)a}=(x )5 

outside the sign of summation ; and observing that by the law of reciprocity 


Oi-n A|+1 Ai»-1 Qt*-l 

" Xa *'Xi3 « , 


we find 


E'=:- 


(-ir 


OjAi 


Ai«-i ni^-i 

-Xa 8 X/S « X 




As an example of the application of these formulae, let us consider the properly primi- 
tive order in the case in which A^l, mod 2, 0^=4, mod 8. We may determine sepa- 

A /+1 

rately the weights of those genera for which f—1) » =—1, and of those for which 

V+i 

(—1) 3 = -j-1. In a genus of the former kind the characters 

/F 


©• ©■ © • ■ ■ « 

may have any assigned values because the condition of possibility is 

9iZ±i/ f\/F\ “i-*-* ^ 

• ■ 

Therefore the sum of the weights of these genera is ^ x ? X R, or ^ x E? because 

= J. But in a genus of the latter kind the characters (56), or some of them, are 
subject to the condition 

(-) 

we have therefore to consider a sum of which the general term is the same as that of E, 

but into which only those terms are admitted which are formed with values of and 

satisfying the condition (67). This sum is expte^ed by the formula 
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tke mms together, and substituting for R and R' their values, we 'find for 
^ w^^t of the proposed order the expression 

?|n(i-i),ort(2-^)n(i-^) 

according as OjA, m not or is prime to the greatest common divisor of Q and A. 

It in general, we represent the weight of any proposed order of the invariants [Q, A] 
by the expresrion 

^xzxn(i-^), 

(he following Table (with which we shall conclude this memoir) will assign the value 
of the coefficient Z, and will thus serve to ascertain the weight of the order*. The 
determinations contained in it have been obtained by the method just described ; X is 

or 0, according as Q,Ai is or is not prime to the greatest common divisor of Q 

and A ; Ii, I, are the exponents of the highest powers of 2 dividing £1 and A respec- 
tively. 


(A). — (/) and (F) properly primitive. 



I.=0. ■ 

Ii even. 

Ij uneven. 

I2=0. 


i(2-X) 

i 

Is even. 

i(2-X) 

i(2-x) 

i 

Is nneven. 

i 

i 

i 


(B). — (/) improperly, (F) properly primitive. 



I,=0, ls>0. 

Is even. 

t^(2— X) 

I3 uneven. 

i (1-^) 


^ immm miwaats, tb© iwult has been given by EisEirmiix (Crelle, vol. xxxv. p. 128) ; 
is, bowev®, a dig^t d^ei^^ney. Ae(^z€mg to Ekekshif, A is not zero, when the ^reat^t oonnnon 
A md £( is a sqnffl® ; aecsoj^fing to the definition in (be text, K is always zero, except when file exp)- 
ne^ of er«ay nnevrai prime eommoa to 4 and O is even bodi in A and Q. For the invariants {j?®, jp®) the 

w^fca^nedby tb©^mialaofEi^i!7«eiS3ris^^2-J^^l-i^, p denoting m. uneven ^me; a resnlt 
wMdh bnr^ b© right, be^mne dm of eaeb ^nus ^parately hi ^ mod p*. 
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Adjudication of the Medals of the Royal Society for the year 1867 by 
the President and Council. 


The Copley Medal to Karl Ernst vox Baer, of St. Petersburg, For. Mem. R.S., 
for his discoveries in Embryology and Comparative Anatomy, and for his Contributions 
to the Philosophy of Zoology. 

A Royal Medal to Messrs. John Bennet Lawes, F.R.fS., and Dr. Joseph Henry 
Gilbert, F.R.S., fbr their Researches in Agricultural Chemistry. 

A Royal Medal to Sir William Edmond J.ogan, F.R.S., for his Geological Researches 
in Canada, and the Construction of a Geological Map of that Colony. 


, The Bakerian Lecture was delivered by Frederick Augustus Abel, F.R.S. ; it 
was entitii. ’ “ Researches on Gun-cotton. — Second Memoir. On the Stability of Gun- 
cotton." 

The Croonian Lecture was delivered by Dr. J. Buedon Sanderson ; it was entitled 
“ On the Influence exercised by the Movements of Respii-ation on the Circulation of the 
Blood.” 
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The interesting question regarding the number and value of the anatomical resem- 
blances and differences existing between Man and the rest of the Primates, has led to 
complete and detailed descriptions and comparisons such as those of Professors Owen 
Duveenot f , and Geatiolet But the valuable treatises of these authors yet leave 
much to be desired, because they relate only to the highest forms of the Order, and 
some distinctions resulting from such limited comparisons are apt to disappear, and the 
anatomical value of others to decrease when the survey is considerably extended. 

The memoir of Professor Vrolik § gives a somewhat more extended view, and Pro- 
fessor Huxley || has carried his observations and comparisons much further ; but for 
the thorough investigation of the skeleton of the limbs of the Primates, nothing 
less than the careful examination of every bone throughout the whole series of forms is 
requisite, w^hile man’s peculiarities can be justly appreciated only after a similarly ex- 
tensive comparison. 

Dr. J. Ch. G. Lucae ^ has recently published an elaborate paper, with careful and 
minute comparisons, on the limbs of Man, Apes, and Marsupials, but he confines him- 
self almost entirely to the terminal segments of the limbs, the maniis and the pes 
and besides he does not appear to have had at his disposal a sufficient supply of speci- 
mens, as the very remarkable genera Indris, Loris, Kycticehus, Perodicticus, Arctocehus, 
Tarsi us, and Cheiromys are not noticed by him. 

The rich collections of the British Museum and of the Eoyal College of Surgeons 
have supplied me with abundant materials, and I should be wanting in duty if I omitted 
to express my acknowledgments for the great facilities afforded me, at both those Insti- 
tutions, for studying the skeletons therein preserved. To Mr. W. H. Flower espe- 

“ (^steologicaJ Contributions to the Natural History of the Chimpanzees and Orangs,’' Trans. Zool. Soc., 
vols. i. to T. ; and “ Memoir on the Gorilla,” 1865. t Archives da Museum d'Hist. Nat. Paris, 1855. 

t Nouvelles ArchivesduMus., 1866, vol.ii. § Recherches d'Anat. Comp, sur leChimpanse. Amsterdam, 1841 . 

I ‘ Man a Place in Nature,’ 1863 ; and ‘ Hunterian Lectures,’ reported in Medical Times, 1864. 

^ Abhandl. 8enckenb. Naturforsch. Ges., 1865, v. pp. 275 to 332, with four plates. 

On account of the ambiguity arising from the as yet nnsettled connotation of the terms “ hand ” and 
foot,” I think it better in a scientific treatise to disuse them altogether, and to follow the example set hy 
Professor Owex (in his memoir on Cheiromys) and hy Mr. W. H. Plowee (in the labels placed on his recent 
additions to the Museum of the Royal College of Surgeons), hy adopting for the anterior extremity (the carpus, 
and all beyond it) the term manus, and for the homotypal posterior segment the _pes. The all hut neces- 
sity for distinct homological terms for such parts is obvious. 

MDCCCLXVII. 2 T 
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cially my thanks are due ; nor can I refrain from expressing my admiration of the 
liberal spirit in which the magnificent collection placed under his zealous supervision 
is made available to cultivators of natural science. 


After considering the skeleton of each entire limb, and of every segment of each, and 
describing the several bones in some detail, after also giving the dimensions and propor- 
tions of these parts, I propose to consider the number and value of the peculiarities pre- 
sented by the more aberrant forms, and especially by Man, and finally to enumerate 
some of the more ob\ious characters of the several groups (as deducible from their 
appendicular skeleton), and the relations thence derivable of such groups to each other. 

The arrangement here adopted as to the families, subfamilies, and genera of the 
Order is as follows ; — 


Family, 


I, Hoinyrn^ 


II. SisriiDj: 


Suborder I. AKnniopoiDUA. 

p 1. Shniinoi 

. . . Subfamily 2. Semnopliheclfio^ .... 

^ 3. Cynopitheeinos 


1. Cehbice .... 

2. Myceiitice .... 

3. Pitliedincs . . 

'v^ 4. Nyctipitliecbick 

IT. Hapalidje 


m. Cebid-i: Subfamily ^ 


Homo. 

Troglodytes. 

Simia. 

Hylobates. 

Semuopitbecufc. 

Colobus. 

Cercopitbecus. 

Macacus. 

Cynoecpbalus. 

Ateles. 

Lagothris. 

Cebus. 

Mycetes. 

Pytbccia. 

Brachyurus. 

CaUitbris. 

Chrysotbrix. 

Kyctipitbecufe. 

Hapale. 


Suborder II. Lemukoidea. 

rl. IndrisincB 

2. Leimirince 

Y. LEMtrEn).E Subfamily ^ 

S. 3. Nycticebince 

^4, Qdlaginhim 

VI. Taesiid.® ^ 

TII. CHmB0irni).5: 


{ Indris.'*^ 
Propithecus. 
Hicrorbyncbus. 
r Lemur. 

1 Hapalemur. 

1 Microcebus. 

I Lepdemur. 
r Nycticebus. 

1 Loris. 

1 Perodicticus. 

I Arctocebus. 
Galago. 
Tarsius. 
Cheiromys. 


* Since this paper was read I bave ba^ tbrougb tbe great kindness of Professor Petbes, an opportunity of 
examining a skull of the species for which tbe genus Propithecus was instituted. I am now convinced that 
tbeiiaree above-mentioned genera of Indridnce conslitute but a single natural geuus — Indris. See Proceed, 
ool. Soc. 1867, p. 247. 
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Spedmms fcare been examined of all the above genera except Propithecus, Hapa- 
lemur, Mkrocebns, and Lepilemnr, no skeleton belonging to any of these genera 
existing, to my knowledge, in this country. There is, however, every reason to believe 
that the skeleton of Propithecus closely resembles that of Indris, and the other three 
are probably very similar to Lemur or Galago. 

The Pectoral Limb. 

The entire pectoral limb (measured from the summit of the head of the humerus to 
the distal end of the longest digit) attains its greatest absolute length in the Gorilla 
and Orang, after which come the Chimpanzee and Man. If the manus, however, be 
excluded, the rest of the iimli of Man exceeds that of the Chimpanzee in the speci- 
mens examined. 

The proportion home by the entire limb to the spine, measured as before mentioned, 
is greatest in Hylobates, namely, as much as about 203, or even 222, to 100. Next 
come Tarsius, in which it is about 187 to 100; Ateles, 174; Simla, 170; the Gorilla, 
150 ; and the Chimpanzee, 142 The rest range from 128 (Cheiromys) to a little less 
than the spine in length (Man being about 107 to 100), except certain forms in which 
the proportion is much less ; thus in Chrysothrix and Hapale it is less than 85 to 100, 
while in Perodicticus and Lemur it is imder 80, and in Arctocebus as little as 75*3 
to 100. 

The length of the limb without the manus, compared with that of the spine, is again 
by far greatest in Hylobates, then in Tarsius, Ateles, Simia, and the Gorilla ; in all the 
rest, except the Chimpanzee, the pectoral limb without the manus is shorter than the 
spine, and shortest of all in Perodicticus. 

SC.\PULA. 

This bone throughout the Order has a well-developed spine, and more or less large 
acromion and coracoid processes. 

Estimating its size by a line drawn from the anterior (in Man upper) end of the gle- 
noid surface to the posterior (in Man inferior) vertebral angle, this bone is seen to attain 
its greatest absolute size in the Gorilla. Man follows next, with the Chimpanzee and 
Orang, which two Apes more nearly equal him in the size of this bone than he does 
the Gorilla. , 

This dimendon, compared with the length of the vertel^lii l^lumn, is again greatest 
in the Gorilla, namely, about 35*5 to 100 ; then in the and Chimpanzee about 

30, and in the Gibbons and Ateles about 25. In Man it is about as 22*8 to 100, and in 
most of the other forms it is less, and least in Perodictic^, namely about 15*6. 

* Hr. LrciJB, loe, cit. p. 279, makes tke proportional length of the ttnb greater in the Chimpanzee than in 
the Crorilla, as also does Hr. G. M. HtJMPnnx (Human Skeleton, p. 106). In all the adult, or nearly adult 
specimens in the Museum of the Eoyal College of Surgeons I find the pectoral hmb longer compared vith-H&e 
spine in the Gorilla than in Oie Chimpanzee. 

2t2 



S02 


m m. GfflOBGFE m the BKmjmm op the piimatm. 


As to the relative proportions of the several mar^ias of the bone, if the axillary 
maj^n be taken as a standard, then the vertebral border exceeds it by a fourth or a 
fifth of its (the axillary margin’s) length in Man and Perodicticns. It considerably ex- 
ceeds it in the Gorilla, and decidedly so, though to a less extent, in the Chimpanzee and 
in Arctocebus. In Nycticebus the two dimensions are aboat equal, but in other forms the 
vertebral margin is the shorter, though only shghtiy so in Mycetes, Ateles, and Pithecia, 
and sometimes in Cynocephalus. In the Orang and Gibbons it is about as 86 or 71 
to 100, while in Lemur and Galago the vertebral margin is only about half the length 
of the axillary one, and the proportion is even less in Tarsius. 

If the anterior (in Man superior) margin be compared in length to the axillary one, 
estimating it by a straight line drawn from the glenoid surface to the anterior vertebral 
angle, it will be found to attain its greatest relative size in the lowest Simiidse, being in 
Cynocephalus sometimes as 107‘6 to 100. Its proportional length is also great (91) 
in Perodicticus ; in the rest it varies from near this to 61 (Man and Indris about 64), 
except in the Simiinae and Ateles, where it is less, being least in the Chimpanzee, 
i. e. sometimes only as 40 to 100. 

The proportion home by the anterior margin (superior in Man) to the vertebral one 
is greatest in Tarsius, more than 2 to 1 ; but it is more or less in excess also in 
Cheiromys, the Lemurinae, and the lowest Simiidse, Nyctipithecus, and Chrysothrix. 
The anterior margin is the shorter of the two in Man, Ateles, Mycetes, Pithecia, Indris, 
the Nycticebinse (except Loris) and the Simiinse, and is shortest of all in the Chim- 
panzee. 

The posterior vertebral angle is most acute in Troglodytes niger, where it is some- 
times as small as 22°. In the other Simiinae and in Ateles, it is more acute than in Man, 
in whom it is about 35° or 40° ; but in the rest of the Order it is more obtuse, even 
reaching to 75° in some of the lowest Simiidse. 

The anterior vertebral angle is most marked in Man the Simiinss, Ateles, Pithecia, 
the Nycticebinse, Tarsius, and Cheiromys. In the other forms the vertebral margin 
passes into the anterior one without any marked prominence (Plate XI. fig. 2). 

The direction of the spine of the scapula, with regard to the blade of that bone, may 
perhaps be best estimated by the angles it forms with the vertebral and axillary 
margms. 

The angle formed by it with the vertebral margin is greatest in the Chimpanzee, the 
Siamang, and in Ateles, where it amounts to about 125°, or even rather more ; and in 
Galago and Lemur, where it is about 120°. In the rest of the order it ranges between 
this and a right angle (Man being about 95°), except in some of the lower Simiidse, 
where it falls below a right angle, being sometimes in Cynocephalus as small as 74°. . 

* In the Museum of the Eoyal College of Suigeons are skeletons of a male and female (Nos. 5357 and 
5357a) from South Africa, in which this angle is rounded off, as has been noticed by Prof^sor Owek, 
Osteol. Catalogue, yoI. ii. p. 832. In another female of the same race, however, this angle is exceedingly- 
produced. 
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The angle formed by the spine of the scapula with the axillary margin of that bone is . 
most obtuse in Mmi, namely ^mnt 55® or 60°. It approaches the human proportion most 
closely in the Orang,' aged Semnopithecinae, Mycetes, Pithecia, Nycticebus tardigradus, 
and in Perodicticus, in which it is 40° or upwards ; in the rest it varies betvsfeen this 
and 20® (it being sometimes as small as 20° in the Chimpanzee, Ateles, Lemur, and 
Cheiromys), except in Galago, where it may be as small as 17°, and in Hylobates, 
where it is at its minimum, namely 15°, or even sometimes only 12°. 

The glenoid surface is broadest in propoition to its antero-posterior (vertical) extent 
in Man and Ateles, namely, about 73 or 75 to 100. In Troglodytes it is about 68 to 
100 ; in the rest of the Anthropoidea it is less ; but the breadth always exceeds half the 
length ; this is not the case in some Lemuroidea, e. g. Indris, Nycticebus, and Chei- 
romys ; and in the Nycticebinse the anterior part becomes remarkably twisted inwards 
towards the midline of the body, and the long axis of the glenoid surface forms an 
angle with the prevailing plane of the blade of the scapula. The angle formed by this 
(glenoid) surface with the axillary margin varies generally between 130° and 144°. 
In the Simiinse, the Pitheciinas, Tarsius, Mycetes, Ateles, and Hylobates it is 125° or 
less, sometimes in the last-mentioned genus being as small as 93°. 

The size of the supraspinous fossa, as compared to the infraspinous one, attains its 
maximum in the Gorilla and Mycetes (Plate XI. fig. 4), then in Hylobates and Arcto- 
cebus. The Orang, Man, the Pitheciinae, Nycticebus tardigradus, Tarsius, and Chei- 
romys have the supraspinous fossa exceptionally small (Plate XI. figs. 5 & 6). 

The anterior (in Man superior) margin is often much produced, so as to be strongly 
convex forwards *, and to much increase the size of the supraspinous fossa. This pro- 
duction does not exist in Man f or in the Simiinse, in which this margin is more or less 
concave, as also in Ateles (external to the suprascapular foramen), Pithecia, and Nycti- 
cebus. In the other forms the anterior margin is generally more or less decidedly 
convex, and attains its maximum of convexity in aged Cymocephali (Plate XI. fig. 2). 

A suprascapular notch is not well defined in the great majority of the order, only, 
indeed, in Man, the Chimpanzee, and the Cebidse, except Pithecia and Chrysothrix; 
but in some of the last-named family (e. g. Ateles J and Mycetes) it is constantly, and in 
others (e, g. Lagothrix) it is often so enclosed by bone as to become a foramen. In 
Mycetes a peculiar flat process § springs from the anterior surface of the bridge of bone 

* That this prominence really ansirers to the anterior margin of Man, and is not produced by a bending 
downwards and forwards of the anterior vertebral angle, is shown by the specimens numbered 4756 and 4822 a 
in the Museum of &e College of Suigeons, in which the true anterior vertebral angle is distinguishable. 
Another reason for this determination is that, in Cynocephalus, Cercopithecus, and Lemur, the levator an^Ii 
sccijpulce is not inserted into the convex prominence, hut only extends forwards a little in front of the vertebral 
end of the spine, while the omohyoid is inserted into the projecting part of the convex prominence. 

t Except the two South- African skeletons in the Mnsenm of the Royal College of Surgeons, in which the 
anterior margin is as strongly convex as in Maeaens (see Plate XI. fig. 1). 

+ De BnAiHTiLLE, ‘ Ostec^aphie,’ Cebus, p. 12. 

§ Mentioned by De Blaixvieee, ‘ Osteographie/ Primates, Cebus, p. 16, 
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bounding tMs foramen, anteriorly, a process existing in no other genus (Plate XI. 
fig. 4r), 

Hie siq>raspinous fo^ais almost always deepest, from before backwards, at its Terte* 
bral end, Xot so, however, in the Orang and scarcely so in Pithecia. . 

The axillary margin, apart from the production for the teres is generally 

sti|%ht, especially in Troglodytes, Hylobates, Ateles, Mycetes, Lori% and Xycdcebus 
javanicus. It is markedly concave in Perodicticus and Nycticebus tardi^radus (Plate XII. 
fig. 1, and Plate XI. fig. 6) ; on the other hand, it is convex in Simia and Indris. This 
margin is generally more or less grooved longitudinally, but only in Indris is this 
groove so placed as to be visible on the dorsum of the scapula. 

The surface for the teres major projects out veiy strongly in the lower Sirniidse, Cehus, 
and Ouysothrix. On the other hand, in the Simiinse, Ateles, Indris, and the Nyctice- 
binse it is less marked than in Man, and, indeed, in Indris, Loris, and Nycticebus it 
does not project at all (Plate XI. fig. 6). 

The vertebral margin is generally more or less convex, but sometimes in Man, the 
Gorilla and Orang, Ateles and Chiy sothrix, it presents a sigmoid curve. Sometimes it 
is nearly straight, as in Indris ; sometimes it is very strongly convex, as in Perodicticus 
(Plate XIL fig. 1). 

The convexity of the middle part of the infcaspinous fossa, which is present in Man 
and, more or less, in the Simiinse, does not generally exist. In Mycetes a projection, 
like a faintly-marked second spine,, traverses the outer surface of this fossa midwuy 
between the spine and the axillary margin. 

The subscapular fossa is particularly deep in Hylobates ; in Mycetes it is traversed by 
strongly-marked ridges, in Indris its posterior part is strongly convex. 

The spine generally extends from quite the vertebral margin to a point more or less 
near the border of the glenoid surface. In the GoriUa, however, it rarely attains the 
wertebral margin f, and it scarcely does so in Hylobates, where the depth of the spine 
subsides with great rapidity, as also in Ateles and Nycticebus javanicus. 

The superior (in Man posterior) end of the spine is almost always much nearer 
to the anterior than to the posterior end of the vertebral margin ; but in the Chim- 
panzee it is (generally at least) nearer to the latter, and in Hylobates, alone of all 
primates, it is considerably nearer to the latter than to the former. In Hie Gorilla, 
Ateles, and Arctocehus it is more remote, relatively, from the anterior end of the ver- 
tebral margin than in Man ; in aU the others, including Simia, it is relatively nearer 
to it. A smooth, flat, triangular surface at the vertebral end of the spine, and ex- 
tending thence downwards (forwards in Man) along its margin for a greater or less 
extent, exists in Man, the Orang, Mycetes, Loris, and Arctocehus. 

The spine, except at its acromial end, always stands out more or less at right angles 
with the outer surface of the blade of the scapula, but sometimes it inclines forwards over 

* OwEif notices this conditidii of the supraspinous fossa in tiie Osteological Cataic^e erf of Surg., Toh ii. 

t Noticed by DurnnKorin Archiv. du Mus. tome viii. p. 40. 
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the sapraspinoTis fo^ ; sometimes it is produced backwards over the infraspinous oue 
It is much autroverted in Simia * and Nycticebus, and rather so in Ateles, Brachyums, 
CaUithrix, Chrysothrix, and the other Nycticebinae. On the other hand, in Lemur, 
Galago, and Tarsius, and also in Nyctipithecus, it is more or less produced over the 
infeaspinous fossa. 

Generally the spine approaches yery nearly to the border of the glenoid surface, but 
it remains rather distant from it in Man and the Chimpanzee, the Orang and Ateles, and 
stiU more so in the Gorilla and Hylobates. 

The spine also may or may not closely approach the axillary margin towards the 
glenoidal end of the latter. It does so in the great majority of forms ; but in ^lan, 
Perodicticus, Pithecia, Loris, and Nycticebus it recedes from it so as to produce a 
greater width in the infraspinous than in the supraspinous fossa at that part. In the 
Orang and Mycetes it recedes also, and would produce a similar predominance of the 
infraspinous fossa but for the peculiar development of the supraspinous fossa which 
alters the proportion. The two fossae are about equal in breadth, near the border of 
the glenoid surface, in the Gorilla, Indris, and Arctocebus ; in all the others the supra- 
spinous one is in excess (except Tarsius and Cheiromys), especially in Cebus, Chryso- 
thrix, and the lower Simiidm. 

The base of the spine is generally grooved behind (below in !Manj at its glenoidal end, 
most so in Cynocephalus and Mycetes. In Man, the Simiinae, Ateles, Indris, Loris, 
Tarsius, and Cheiromys, this groove, as far as I have seen, is absent. 

The acromion is long and narrow in Simla, Ateles, Mycetes, Pithecia, Chrysothrix, 
and Loris. It is short and ends very bluntly in the Semnopithecinag and Cynopithecinae, 
especially the latter (Plate XI. fig. 2). Sometimes the acromion expands, so as to send 
back a metacromion-like process, before reaching its distal end. This is the case in Man, 
Nyctipithecus, Hapale, and Troglodytes, and sometimes in Hylobates, and also in Lago- 
thiix. Lemur, and Galago. In the two last-mentioned genera, unlike the higher forms, 
this expansion projects backwards over the infraspinous fossa, instead of over the head 
of the humerus. The expanded part is very large, and it is concave externally. 

The coracoid process is large in Man and in all the Simiinse, Ateles, and the Le- 
muroidea. It is short in Mycetes and the lower Simiidae, especially in Cynocephalus 
(Plate XI. fig. 3). It advances much forward at its distal end in Man, the Simiinae, 
Ateles, and some erf the lower Cebidae (e. g, Callithrix), and in the Lemuroidea. In the 
others its distal end scarcely, if at aU, advances in front of the glenoid surface. 

The ridge or process for the attachment of the coraco-clavicular ligament is verg 
little marked in Man, the Orang and Gorilla, Lemur, Loris, and Cheiromys. It is very 
mall, though distinct, in Indris, moderate in the Chimpanzee and Hylobates, and larger 
in the other forms, though in Mycetes it is small, apart from the peculiar flat process of 
that genus, with which process it comes ultimately to unite. 

* Mentioned Professor OwE<r, Trnns. Zool. Soe. vol. i. p. 364, and by Teoih:, Cyeiop, Anat. & Phjs. 
Tol. IT. p. 203. 
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In Ateles and Lagotibiix, with a suprascapulax foramen, it is of course large, but 
^ compared with the rest of the coracoid, it attains its maximum in the lower Simiid©, 
in some of whic^ it sometimes almost equals in size the latter (Plate XI. %. 8, «, h). 
It is sometimes well dereloped in the Nycticebinse. 

The point of attechment for the long head of the Bic^s becomes in many a promi- 
nent tubercle. This is particularly developed in the lower Simiidse and the Xyctice- 
binm, and mther so in the lower Cebidse. In Sinda it is much more devd.oped than 
in Homo and Troglodytes, and more so in Ateles than in Hylobates, in which last 
it is peculiar in projecting rather over the infraspinous fossa than over the glenoid 
surface. 

When the scapula is so placed that the long axis of the glenoid surface is vertical, 
if that surface be placed opposite the eye of the observer, then the acromion process 
generally does not rise nearly so high as the summit of the coracoid. In Simia, Lemur, 
and Galago, however, it about equals it, and almost always exceeds it in Man, Troglo- 
dytes, and Hylobates, and sometimes in Ateles, and, indeed, sometimes also in Lemur. 
In the Xycticebinae it is much below it, because of the peculiar production inwards of 
the summit of the glenoid surface in that subfamily (Plate XII. fig. 2). 

The approximation of the end of the acromion to the prolongation upwards of a ver- 
tical line traversing the long axis of the glenoid surface is very close in Man, the Si- 
miinse, Ateles, and Mycetes, but it diverges widely in the other genera. 

The extremity of the coracoid diverges from the glenoidal margin in Man and the 
Lemuroidea (Plate XII. fig. 2) ; it approaches it much more nearly in the other An- 
thropoidea. 

The Clavicle. 

The absolutely largest clavicle of the Order is that of the Orang, and then follow 
those of Man and the Gorilla. 

Its relative length, as compared with that of the vertebral column, is greatest in Hy- 
lobates * and Simia, in which genera only it exceeds one-fourth the length of that 
column. The proportion exceeds one-fifth in Man and Troglodytes, and does not fall 
much below in Lagothrix, Ateles, and Mycetes. In most other forms it is as about 
14 or 16 to 100, but in Colobus the Nyctipithecinse, Hapale, Arctocebus, Lemur, and 
Indris, it is about an eighth or less ; in Lemur being sometimes as little as 9*7 to 100. 

The length of the clavicle, in proportion to that of the scapula (the latter being mea- 
sured jfrom the anterior end, or summit, of the glenoid surface to the posterior vertebral 
angle), is in excess (111*8 to 100) only in Hylobates. It is next longest in Simia and 
Man, where alone it is nine-tenths, the length of the scapula. It is shortest in the 
lowest Simiidae, Hapale, Lemur, and Tarsius, in all of which it but little exceeds half 
the length of that bone. 

This bone is of very exceptional slenderness, in Mycetes *)* its breadth, near the middle, 

^ Ite untisual length, in Hylobates is noticed by Prof. Owex, Comp. Anat. of Vertebrates, vol. ii. p. 544. 

f As remarked by He BLAiimiLE, loc. eit. Cebns, p. 16. 
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being only about one-twentieth of its length (Plate XII. %. 3). It is also narrow in 
proportion to its length in Hylobates and Simia. 

It is very broad relatively in Troglodytes, the Cynopithecinae, Lemur, Perodicticus, 
Arctocebus, Tarsius, and Cheiromys, where its thickness near the middle is abbut equal 
to one-tenth of its length. 

The amount of expansion of the acromial end is liable to considerable individual varia- 
tion, but it appears to be greatest in Man, the Simiinaa, and Ateles ; on the other hand, 
it is remarkably small in the Nycticebinae. 

The expansion of the sternal end is subject to even greater variation. In Simia, My- 
cetes, the lower Cebidae, and Lemuroidea it often exceeds the acromial end in breadth. 

A sigmoid vertical (in Man horizontal) curvature is not generally well marked ; it is 
most so in Man, and next perhaps in Ateles, some other Cebidae, and the Nycticebinae. 

The sternal vertical (in Man horizontal) curvature, concave backwards, is so extended 
in some forms as almost to obliterate the acromial curve. This is the case in many 
Lemuroidea and, sometimes at least, in Hylobates. On the other hand, the sternal cur- 
vature is much less than in Man, even in Troglodytes and Simia, and in the lowest Si- 
miidfie it disappears, as also in Indris. 

The acromial vertical (in Man horizontal) curvature, concave forwards, is more con- 
stant, only disappearing in those forms, above referred to, in which the sternal curvature 
is so extensive. It is very strongly marked in the Nycticebime and in the Indrisinse, 
but in no other Lemuroidea. 

The antero-posterior (in Man vertical) curvature is generally slight ; most marked 
perhaps sometimes in Ateles. It is this curvature which gives a sigmoid appearance to 
the clavicle in Lemur and Cheiromys. 

The tubercle and ridge for the attachment of the coraco-clavicular ligament are gene- 
rally at the margin of the bone, or nearer to it than in Man. 

Very commonly there is no distinct process or ridge other than the superior (in Man 
posterior) margin of a subclavicular fossa, as is the case in the lower Simiidae. There is, 
however, a marked tubercle in Troglodytes, and a large process in Simia and in Ateles 
and Logothrix. It is faintly marked in Mycetes and Indris. 

The acromial end of the bone has its anterior (in Man superior) surface almost always 
more or less convex, but there is a marked concavity there in Hylobates. 

The posterior (in Man under) surface of the acromial end is convex and roughened in 
Man *, and more or less so in the Sinuinae; in all the others, except the Nycticebinae, it 
is concave, and in the lower Simiidm this concavity becomes a very deep fossa. In all 
the Simiidee other than the Simiinse this part is close to the acromial end of the bone, 
but in the Simiinse the clavicle is more prolonged outwards, and most so in the Sia- 
mang. In Man, however, this prolongation is carried still further. 

;^rely, as in Simia, there is a veiy prominent deltoidal ridge. Sometimes a distinct 

* In a skeleton of a male Afrifcan negro (No. 5372 in the Museum of the College of Surgwns) tkere is a 
distinct, though small, suhacromiai fossa. This is wanting in all the Boschismen. 

MDCCCLXVII. 2 n 
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prominence marks the attachment of the costo-clavicuiar ligament, but this is very in- 
constant. 

. The Humebus. 

This bone, throughout the order, presents the same main features, the ^me fossae 
and prominences as those existing in Man. It is absolutely longest in the Gordia 
and Orang ; Man, the Siamang, and the Chimpanzee successively follow as re^ds this 
dimension. 

Its length, as compared with the spine, is, as might be expected, greatest in Hylo- 
bates, namely, as 70 or 80 to 100. In the Gorilla and Orang it is from about 60 to 
near 65 to 100 ; in Ateles about 60 ; in the Chimpanzee and Lagothrix about §3 ; in 
Man about 47 ; and in the bulk of the order from between 45 and 30 to 100. In In- 
dris, Lemur, and Perodicticus it is still shorter, though still more than a quarter the 
length of the spine *. 

Compared with the scapula (the latter being measured, as before, from the anterior end 
of the glenoid surface to the posterior vertebral angle) it is nearly three times as long in 
Hylobates, considerably more than twice in Ateles, Lagothrix, and Loris, and slightly 
more than twice in Man, Cercopithecus, and the PitheciinaB. All the rest have it less 
than twice as long (unless possibly sometimes in Simia) ; and in Hapale, Galago, and 
Tarsius its length is less than once and a half that of the scapula. 

The breadth of the middle of the shaft to the length of the bone is mostly as between 
6 and 7^ to 100. In most Cynopithecinse, Perodicticus, Tarsius, and Cheiromys it is 
more than 8 ; on the other hand, in the Pitheciinae, Loris, and Arctocebus it is between 
5 and 6, less than 5 in Ateles, and less than 4, at least sometimes, in Hylobates. 

The width of each extremity of the bone is greatest, relatively, in Cheiromys and 
least in Ateles and Hylobates. But the width of the proximal part (between the tube- 
rosities) is very great, relatively, in Cynocephalus, and of the distal portion, in Galago, 
Perodicticus, and Tarsius. 

The head of the humerus is generally less wide than the extreme width of the tube- 
rosities i but in the Gorilla they are about equal, and sometimes in Simia f and Ateles, 
and always, apparently, in Hylobates, the head is the wider, being therefore at its rela- 
tive maximum. 

The shaft is often almost quite straight, as in Indris ; often it is curved, as in Man 
and Lemur ; in some it is somewhat convex forwards, as sometimes in Hylobates. 

The articular surface of the head is always directed backwards and inwards $, but in 
Lemuroidea it is almost exclusively backwards, while in Man it is almost as exclusively 

* The bone is measured from the summit of the head to the bottom of the ulnar margin of the trochlea, 
t Be Blaintille says of the head of the humerus in the Orang, it is “ surtont singuii^re par son enormity son 
diametre etant bien superieur & eelui de la tete da femur (7, e. p. 30). 

t Professor Husley, in his Hunterian Lectures for 1864, called attention to the greater backward direction 
of the head of the humerus in the lower Apes as compared to its condition in the Simiinse and Man. See ‘ Me- 
dical Times ^ for 1864, vol. i. p. 672, 
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inwirds. In the other Anthropoidea it is intermediate, approximating to Man in the 
higher forms, though still differing considerably from him. 

The tuberosities often project upwards slightly above the articular head, as in the Cy- 
nocephali, and very slightly in Cheiromys. Generally they are about on a level with its 
top, or slightly below it, but they are decidedly below it in Lagothrix and Ateles, and 
still more so in Simia and Hylobates. 

The insertion of the infraspinutus is generally very marked, especially in Indris. 
There is sometimes a projecting tubercle for the insertion of the teres minor. 

The ulnar tuberosity is almost always so placed as to hide the neck of the bone when 
its front surface is looked at, the long axis being vertical. This is not the case, how- 
ever, in Man, nor in Hylobates, the Chimpanzee, nor sometimes Ateles. Very often 
not only the neck but a great part of the head is also hidden by it, as in the lower Si- 
niiidae and Cebidse, Hapale, Lemur, Indris, Tarsius, and Cheiromys. In Indris this 
tuberosity is bent backwards in a peculiar way (Plate XII. fig. 6). In Cheiromys it is 
almost as large as the radial one. 

The bicipital groove is sometimes more or less strongly overlapped by its lateral mar- 
gins, It is much so in the Simiinae, especially in the Chimpanzee, in which it is some- 
times spanned by a bridge of bone 

The radial border of the bicipital groove attains its maximum of development in the 
Lemuroidea, especially in Indris and Perodicticus, but it is also very prominent in the 
Cjmocephali (Plate XII. fig. 4). Its ulnar border is generally faintly marked. 

The surface for the insertion of the deltoid is generally more or less defined by the 
radial margin of the bicipital groove on one side, and by a ridge (giving origin to the 
external head of the triceps) on the other. It attains its maximum in the Cynopithe- 
cinse (Plate XII. fig, 4). 

The position of the foramen for the nutrient artery presents even individual varia- 
tions, being at, above, or below the middle of the bone ; its direction, as far as I have 
observed, is always distad. 

The supinator ridge is generally well developed, especially in Cynocephalus, C/ebus, 
Hapale, Lemur, Perodicticus, and Galago; but above all in Cheiromys and Micro- 
rhynchus. In Man and the Simiinae it is only slightly developed. 

The external condyle is distinct in Man and the Simiinse, being more prominent in 
them than in him ; and it is also marked in Indris (Plate XII, fig. 6), Loris, Nycticebus, 
and Perodicticus, In the other genera it is closely applied to the capitellum, and in 
all of them, except Ateles and Lagothrix, looks more or less entirely outwards instead 
of forwards. 

The internal condyle projects inwards and more or less backwards. It is least back- 
wardly directed in Man, the Simiinse, Hapale, and Indris (Plate XII. fig. 6). In almost 
all the Cebidee (PI. XII. fig. 5) it is so bent downwards that its extremity ia quite or 


* As in a mounted specimen in the Osteolc^eal Collection of the British Museum. 

2 n 2 
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almost low as the margin of the innermost border of the trochlea ; it is also very 
much bent down in Lemur, Tarsius, and Cheiromys. 

A supracondyloid foramen is only present in the Anthropoidea, in Cebus, the Pithe- 
ciinse, Chrysothrix, Callithrix, sometimes in Nyctipithecus, and sometimes in Hapale * ; 
on the other hand, it is present in all the Lemuroidea except Arctocebus. 

The surface of the humerus between the internal condyle and the innermost border of 
the trochlea extends in front of and behind that condyle in all the Anthropoidea. This 
surface is largest relatively and absolutely in Man and the Simiinse, where it extends in 
front of, beneath, and behind the condyle, though* in Hylobates it is largely developed 
only in front of it. In the lower Simiid® its posterior part either disappears or only 
exists as a very narrow groove overlapped by the condyle. In the Cebidse this surface 
is smaller, and scarcely ever projects below the end of that process. In Indris and 
Cheiromys it is not developed in front of the condyle, but in the other Lemuroidea 
it is developed both in front of it and behind it, and pretty equally so in the Nycti- 
cebinse. 

The coronoid fossa is generally shallower in the Lemuroidea than in the Anthropoidea. 
A perforation extends into the olecranal fossa in some. This is very large and constant 
in Loris, but it is also present in Troglodytes f and Simia, and sometimes in Hylobates, 
Man, Cercopithecus, Macacus, and Arctocebus. 

The olecranal fossa is sometimes deep, as in the Simiidae, especially the Cynopithecinas. 
It is less so in Man, and stdl less so in the Lemuroidea, especially in Indris. 

The capiteUum is largest relatively in the Lemuroidea, where it often (as in Indris 
and the Nycticebinae) occupies half, or more than half, of the articular surface of the 
distal end of the humerus (Plate XII. fig. 6). It is next largest in the Cebidse, smaller in 
the Simiidae other than the Simiinae, still smaller relatively in Hylobates and Simla, then 
in Man and the Chimpanzee, and relatively smallest of aU in the Gorilla. Sometimes 
in Cynoeephalus, as also in Mycetes, Lagothrix, Indris, Nycticebus, and Perodicticus, 
the smooth surface is prolonged outwards externally to the convexity of the capiteUum. 

The projection of the radial margin of the trochlea is most prominent in Hylobates, 
the Chimpanzee, Man, the Gorilla, Indris, Lemur, and Hapale. It all but or quite 
disappears in the Cynopithecinae (Plate XII. fig. 4), many Cebidae (especially Ateles and 
Lagothrix), Loris, Nycticebus, and Arctocebus. 

The innermost margin of the trochlea projects downwards below its radial margin in 
Man, the Chimpanzee, Simia, and the Cynopithecinae, and vefry much so in the Cynoce- 
phali (Plate XIL fig. 4). It projects below the radial margin, but very slightly (or not 
at aU) below the capiteUum in the Semnopithecinae, Cebidae, and some Lemuroidea, e. g. 
Galago and the Nycticebinse. 

* In the Tamarin, according to De BEAnrvnxE, h c. p. 22, he adds, " ce qni n’a pas lien eej^dant ni chez 
le Pinche ni che 2 les Ouistitis.” 

t In the specimens of T. Niger, Nos. 5177 c and 5177 n in the College of Snrgecms, this perforation 
exists. 
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It freely projects below the radial margin, and a fortiori not below the capitellnm 
in Hie Gorilla, Hylobates, Hapale, Indris (Plate XII. fig. 6), and Lemur. 

Radius and Ulna. ' 

Both these bones are always distinct and separate in the Primates, and being approxi- 
mated at their extremities, diverge more or less from each other midway, the divergence 
being relatively most extreme in the Gorilla and Indris (Plate XII. fig. 7). 

Radius. 

The radius is absolutely longest in the Gorilla and Orang, but in the Chimpanzee and 
Siamang it is also longer absolutely than in Man. 

Its length, as compared with that of the spine, is greatest in Hylobates, being more 
than four-fifths of the length of the latter. It is more than three-fifths in the Orang and 
Ateles, half, or a little more, in Troglodytes and Tarsius. In the ^eat bulk of the order 
it is between three-tenths and two-fifths (Man being about as 36 to 100) of the length 
of the spine. It is a little less in the Nyctipithecinse, and only a quarter of its length in 
Hapale and Lemur. 

The total length of the radius rather more frequently falls short of than exceeds that 
of the humerus. It exceeds it most in Tarsius and the Indrisinse. It also exceeds it, 
though not to such an extent, in Hylobates*, Loris, Perodicticus, Arctocebus, and, 
sometimes, at least, in Ateles f, Cynocephalus, Semnopithecus, and Simla. In all the 
others it is more or less shorter than the extreme length of the humerus, though in 
none so much so as in ManJ. 

The radius is thickest relatively in Cynocephalus, and then in Man. It is very 
slender in Ateles and Loris, but most so in Hylobates. 

The radius is always more or less curved, most so perhaps in the Gorilla and In- 
dris, It expands laterally at its distal end, but this expansion is least marked in 
Hylobates, Ateles, and the Nycticebinae. It is perhaps as marked in Man as in any 
other primate. 

The ulnar margin is sometimes sharp as in Man, the lowest Simiidse and others ; 
sometimes it is rounded, as in Troglodytes, Hylobates, some Cebidse, Indris (PI. XII. 
fig. 6), and Loris. 

The outer margin is rather marked in Man, less so in Troglodytes and Simla, and 

* De Biaintellb sajE, “ L’avant-bras est encore plus long que le bras d’un septieme au moins (loc, dt. 
p. 26). 

■f Dr. Lxtgae, loc. dt. p. 286 (Table of Measurements and Proportions), makes the humerus longer thsm the 
foK5-arm in all the American apt®, but in no others, and botk equal in Colobus ; yet at p. 287 he sayi that the 
humerus is the smaller in all the long-tailed apes, except Colobus and Atel^. 

X In Brachyurus (British Museum specimen) I have found the radius to be to the humerus as 75*9 to 100, 
and in the Boschisman as much as 81 to 100, so that in some exceptional cases the human proportion is 
snr{®i^d. 
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more rounded stiH in the other forms, except the Cynopithecinse, where sometimes it 
is better defined than in* Man, as sometimes also in Cebus, Lemur, and Gals^o. 

The degree of distinctness of the ridges and depressions for muscular attachment is 
subject to much individual variation. 

In the Cynopithecinae, Ateles, and sometimes in Lemur and Nycticebus, there is a 
marked depression for the supinator brevis. I have not observed it elsewhere. 

The ridge giv ing origin to the flexor suUimis digitorum is marked in Man and the 
lower Simiidse (especially Cynocephalus). I have also found it marked in Chrysothrix, 
Indris, and Arctocebus ; less, or not at all so in other forms. 

The excavation in which the Jkxor Imgus pollids takes origin is marked in Man, 
sometimes in Hylobates, in the Simiidm other than the Simiinse, in Cebus, Pithecia, 
Lemur, Nycticebus, and Arctocebus. In others I have found the surface flat or rounded. 
A similar depression for the extensor pollicis is sometimes very marked in the lower 
Simiidse ; it is also marked in Man (sometimes) and in Chrysothrix, and slightly so in 
Indris, In the other genera I have only observed a flatteniog of the bone at the most. 

The insertion of the pronator teres is sometimes marked by a roughness of the surface. 
This I have seen in Man, the Orang, Cynocephalus, Mycetes, Chrysothrix, Hapale, and 
Nycticebus. A decided fossa is occasionally present at that spot as, sometimes at least, 
in Macacus, Callithrix, Brachyurus, Lemur, Galago, Perodicticus, Arctocebus, Tarsius, 
and Cheiromys. 

The inferior margin of the anterior, or flexor, surface is now and then much produced, 
as in Man and Cynocephalus ; sometimes only the ulnar side of the inferior margin is 
prominent, as in Ateles, Mycetes, Lemur. 

In the Nycticebinse there is a process, at the lower end of the radius, projecting ulnad 
and articulating -with the head of the ulna. A rudiment of this process exists in Indris. 

The lower end of the posterior surface is generally traversed by a median longitudinal 
ridge, which appears to attain its maximum in Cj-mocephalus. 

The styloid process is constant. It is large in Man and the Simiinae, shorter in the 
Cynopithecinse, CebidaB, and Hapale, very short in Indris, Lemur, and Galago, but 
longer again in Nycticebus and Arctocebus. 

A prominence for the insertion of the supinator longus is more or less marked in 
Troglodytes*, Simia, and Hylobates. It is much so in some of the Cynopithecinse, and 
in Cebus, Lemur, and Galago. 

The foramen for the medullary artery is situated above the middle of the bone, and 
is always directed upwards, except in Atelesf and Arctocebus. In Ateles the long 
groove which the artery makes on the surfece of the bone is remarkable. 

The groove for the tendon of the extensor ossis rnetacarpi polUcis is almost always 
very marked. In Hylobates it equals in size that for the tendons of the radial extensors, 

* OwEST, Trams. Zool. Soc. vol. t, p. 7. 

t Not always downw^ds in Ateles, however ; for m a skeleton of A. Craaffi-oyii in the Britkh Museum it is 
directed upwards in one arm and downwards in the other. 
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aad it is very marked in Ateles, in ^ite of the rudimentary condition of the pollex. On 
the other hand, it is not distinctly marked in Indris, and it is small in the Nycticebinae. 

The groove for the radial extensors I have found to be sometimes double in Macacus, 
Ateles, aud some Nycticebinm. 

That for the ewtmsor mcmdi intemodii ^ollicis I have only found distinct in Man, 
the Chimpanzee, and Orang. 

The groove for the extensor communis digitorum is smaller relatively in the lower 
Simiidse than in Man and the Simiinae. It is small also in Ateles and Mycetes (thus 
differing from Hylobates), and generally in the Lemuroidea. 

Ulka. 

In absolute and relative length this bone varies almost as does the radius, being, 
however, always somewhat longer. 

It is thickest (in the shaft), in proportion to its length, in Oynocephalus, most 
slender in Hylobates and Indris. 

The bone is much curved in the Chimpanzee, less so in the Gorilla, Orang, and still 
less so in Man. It is generally more curved than in Man in the Cebinse*, but straighter 
than in him in the other Cebidae. It is sometimes very straight in Hylobates and the 
lower Simiidae ; also in Loris and Tarsius, but in the other Lemuroidea it is much as in 
Man. 

The greater sigmoid carity is exceptionally broad, in proportion to its length, in Man, 
Troglodytes, and Simia ; in the other forms it is narrower, and turned more outwards, 
towards the radius. 

The lesser sigmoid cavity looks outwards in Man, Troglodytes, Simia, and the 
Nycticebinse. It looks more forwards in the lower Simiidae. 

The coronoid process (and surface for the insertion of the bracMalis anticus) is at its 
maximum of breadth in Man. In Troglodytes and Simia this part is already narrower 
than in him, and more excavated. In the Hylobates it is still narrower, and yet more 
so in the lower Simiidse, the Cebidse, Hapale, and the Lemuroidea, especially in some 
of the Nycticebinse. 

The olecranon is broadest in Man, Simia, and Troglodytes. In Hylobates it is still 
very like that of Man ; but in the lower Simiidse it is much longer, extending further up 
(i. e. in the direction of the bone’s length) beyond the sigmoid cavity, being at its 
maximum of development in this respect in Cynocephalus. The Cebidse, including 
Ateles, resemble in this the lower Simiidse, and the olecranon is very long in Mycetes. 
It is also long in Lemur and Galago, Tarsius, and Cheiromys, but is less so in Indris 
(Plate XII. fig. T) and the Nycticebinse. 

There is a distinction between the anterior and inner surfaces of this bone in Man, 
Troglodytes, and Simia ; but thence, downwards through the order, there may be said 
to be but one surface answering to these two of Man and the highest Apes, 

* Its eurved condition in Gebus is notice by De kc. dt, p. 8, 
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The anterior surface is generally not so depressed for the origin of the jkxw p‘(h 
fmdus as in Man and Sinaia. The surface answering to the anterior and inner ones of 
Man is com&ve in Ateles and some other Cebidse, and very much so in Lemur. 

There is a d^p depression for this last-mentioned muscle (inside the olecranon, or 
beneath the greater sigmoid cavity) in the Gorilla and Qrang, the Simiid® other than 
the Simiinse, the Cebidse (except Ateles), and the Lemuroidea. 

In Loris and Indris there are no excavations or marked depressions for muscular attach- 
ment on the shaft of the bone, which is very rounded and cylindrical (PI. XII. fig, 7). 

The fos^ for the origin of the extensores pollicis is marked in Man, and much so 
below the surface which gives attachment to the anconeus ; as also in Simia and Hylo- 
bates. In Troglodytes it is much less so, and still less in the lower Simiidm, except at 
the proximal end of the radial surface of the ulna. It is ver}’ slightly marked in Ateles 
and Mycetes, but more so in Lagothrix and Cebus ; but slightly in the other Cebidse, 
except Chrysothrix, in which, as also in Hapale, it is very marked. It is very marked 
in Lemur and Galago, less so in the other Lemuroidea. 

The surface of the supinator brevis is marked and deep in Man and Troglodytes, less 
so in Simia and Hylobates. It is longer, but narrower relatively, in the Simiidie other 
than the Simiinae. In the Lemuridae* it is absent. 

The place of attachment of the anconeus is more marked in Man and Simia than in 
Troglodytes. In Hylobates, for the first time in descending from Man, it does not 
extend so high up as the upper margin of the lesser sigmoid cavity ; and in the other 
lower forms of the order I have not found any fossa marked off from that for the 
esctemores pollids. 

The ridge for the attachment of the prmator qmdratus is very slightly marked 
indeed in Man, and very little more so in Troglodytes and the lower Simiidse ; while in 
the lower Cebidse, Indris, Galago, and most Nycticebinse it is rudimentary or absent. 
On the other hand, it is sometimes marked in Simia, and occasionally still more so 
in Hylobates, the Cebinse, Mycetes, and Hapale, and also more or less in Cheiromys, 
but it attains its maximum of development in Lemur. 

The head of the ulna is large and rounded in Man and Troglodytes. It is more 
transversely extended in Simia, and in all below is much smaller as compared with the 
styloid process, especially in Ateles, Hapale, Lemur, and Galago. It is rather larger 
again in Indris and the Nycticebinae. 

The styloid process is of moderate length in Man ; it is shorter in the Gorilla, and 
stiU more so in the Orang. In the Chimpanzee it is longer and more curved ; also in 
Hylobates, where it developes a peculiar prominence from its hinder side (for the internal 
lateral ligament of the wrist), which prominence also sometimes exists in the Cynopi- 
thecinse and in Indris. Hie styloid process is very elongated in the Cebidae generally ; 
but in Ateles it becomes enormous, having a rounded articular head placed, as it Were, 
at the end of a peduncle, and being really much more the continuation of the shaft of 
* This muscle has no connexion with the ulna ia Lemur, 
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the ulna than is the comparatively rudimentary head of the bone. In Lemur it is formed 
on the same type. In Hapale and Indris it is long, but in the Nycticebinse it is very 
so, and curved, except in Perodicticus, in which it is exceedingly long but nearly 
stmight, attaining perhaps the maximum of relative length in the whole Order 

The foramen for the medullary vessels is always situated more or less above the 
middle of the bone, and is, as far as I have observed, always directed upwards. 

Manus. 

This segment attains its greatest bulk in the Gorilla ; its absolute length, however, 
is greatest in the Orang, then in the Gorilla and Chimpanzee, and afterwards in Man. 
In Ateles and Indris it is longer than in any of the lower Simiidae, except the Cyno- 
cephali. 

The proportion borne by the whole length of the manus to that of the spine is greatest 
in Tarsius, Cheiromys, and Hylobates, where it is more than half, and then in Simia, 
where it is but little less. In the rest it varies between this and one-fourth, except in 
Cercopithecus, the Nycticebinse, Lemur, and Chrysothrix ; being shortest in Arctocebus, 
where it is rather less than one-fifth. 

The length of the manus, as compared with that of the rest of the pectoral limb, is 
far greatest in Cheiromys, where the first is more than four-fifths of the latter ; then in 
Indris, Nyctipithecus, Gralago, and Tarsius, where the proportion is as much as, or more 
than, 45 to 100 ; in the rest it varies between this and three-tenths, except in Loris, 
where it is scarcely more than one-quarter. 

The length of the manus, as compared with that of the radius, is far greatest in 
Cheiromys, where the former is much more than once and a half the length of the 
latter. In Tarsius the manus is considerably longer than the radius, and in Brachjmus 
and Hapale the two segments are about equal. The manus is always more than half 
the length of the radius, except in Loris, where it is a little lessf . In Man it appears 
to be generally a little more than three-fourths of its length. 

Carpus. 

The largest carpus is that of the Gorilla; that of the Orang about equals Man’s, 
while the Chimpanzee’s is slightly smaller. 

This segment, excluding sesamoids, consists of eight or nine bones, except where an 
extra ossicle exists in the transverse carpal ligament J. 

Its length (measured from the summit of the semilunare to the distal end of the 

* See Y4X Gakpek’s repr^Btation, plate 1, fig. 3, in the Yerhandelingen der Koninklijke Akademie van 
W^»nschappeB. Zevende Deel, 1859. 

t As mentioned by De Beaisviele, Joe. cii. Lemur, p. 17. 

t Only the c^e, as fiir m I have h^n able to aseerimn, in Perodicticus (see Plate XJV. fig, 5). It is 
dumbed and figured by Vak Caspes in his Mmoir on flie Potto. of Bosmait m the Terhandelingen der 
KouinMijke Akademie van Wetenschappen. Zevende D^l, 1859, p. 18, and plate 1, 4, 10. 

MIKJCCLXVII. 2 X 
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magnum), as compared with that of the spine, appems to be greatest in Cheiromys, the 
Orang, and Hylobates, and least in Loris and Indria 

Its length, as. compared with that of the entire maims*, I have found to present no 
important differences, but it generally appears not to more than very dightly exc^d 
one-fifth, and in the long-handed forms (Ateles, Hylobat^, and the Chimpanzee) it is 
but little more than one-tenth. 

The breadth of the carpus almost always exceeds its length, being often, as in Man, 
half as broad again as long. In Hylobates, however, the length equals or sightly 
exceeds the breadth ; as also in Perodicticus and Arctocebus, while in many genera 
there is little difference between the two dimensions. 

The carpal bones, at their proximal end, always form a double arch, as ha Man. 
The arch which has its convexity turned towards the fore-arm, is in general rather 
more acute than in himf or than in the Gorilla. This is especially the case in the 
Nycticebinae ; but in most of the other forms its outline is generally more or less 
interrupted by the projection of the pisiforme. 

The arch which has its concavity towards the palm, is sometimes not much marked, 
as, e. g., in Ateles ; but generally it is more so than in Man, and in the Nycticebinse it 
becomes remarkably deep, and, finally, in Perodicticus is changed, by the introduction 
of a supernumerary ossicle into a complete ring of bone (Plate XIV. fig. 6). 

Earely, e. only in Man, Troglodytes, and Simia, the carpus articulates directly with 
the radius alone ; in all other forms it does so with the ulna as well as with the radius 
— to a very slight extent, however, in the Nycticebin®. 

Sca^hoides . — This bone has always much the same shape throughout the Order. On 
its radial side is a tuberosity which sometimes, as in some of the lower Simiidse, the 
GoriUaJ, Indris, and the Nycticebinae, is much enlarged. It is generally received into 
a concavity formed by the trapezium and a sesamoid. 

In Man, Troglodytes, and the Indrisin® the connexions of the scaphoid are as in 
Man ; but in all other forms an os intermedium separates it from the bones of the 
distal row, except the trapezium. In Man and Troglodytes there is a transverse dorsal 
groove. 

Intermedium . — This bone, which in most cases might from its shape be termed a 

* Sometimes, however, there appears to be considerable variation as to th^ proportion, as Litcae gives the 
proportions of the carpus to the manus at 100, as follows: — Lmus, 10*5 ; Macaous gelada, 20; Senm<^itlmcus 
enteUus, 12-03; S. comatus, 9*4 ! 

t Dr. Lttoae in a note (he. cit. p. 289) criticizes Professor HuxiEris remark Ihe bones of the first row 
with the bon^ of the fore arm form the wrist-joint, and are arranged side by aide, no one greatly exceed- 
ing or overlapping the rest ” (Man’s Flaw in Nature, p. 87), saying that such a <x>ndition of tiie part® would 
limit the motion of the wrist to flexion and extension. It is surely obvious that several conj<tta«i bon^, no 
one of which “ greatly exceeds or overlaps the rest,” may together produce a very considerable ©smveaity. 
Professor Lucae vpiites as if Professor Huxubt had asserted that the proximal sur&(^ of the proximal carpals 
were aU in one plane, instead of stating the undoubted fact that the projection of any is small. 

f OwEx, Trans. ZooL Sews. voL v. plate 10, %. 1, 'and pp. 9 &, 10. 
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secoad semiluiiare ♦, exists in all the genera of the Order below Troglodytes, with the 
exception of those forming the subfetmily Indrisinm f . 

It has a flattened proximal surface, which joins the ulnar part of the concaye distal 
articular surfece of the sc^phoides. 

Its distal surfece is generally deeply concave antero-posteriorly, and embraces the 
radial side of the head of the magnum, and sometimes (as in the Nycticebinse and 
Cheiromys) the uncifofme also, which last, however, is excluded ti-om it in the Anthro- 
poidea, and apparently also in TarsiusJ. 

At the ulnar side of the bone is a narrow surfece, which articulates with the radial 
side of the semilunare. 

At the radial side of its distal surface is a concavo-convex surface, which joins the 
trapezoides, and on its palmar side is a narrow surface, which joins the radial side of the 
distal surfe.ce of the scaphoides. 

This bone appears to answer to part of the scaphoid of Man, as De Blainville 
P rofessor G. M. Humphet|1, Professor Huxley •[[, and others have regarded it, and not 
to be a dismemberment of the os magnum, as Cuviek ** seems to have been inclined to 
consider it. Indeed, if that part of the scaphoides of Man which is on the distal side 
of the dorsal groove were cut away, it would answer tolerably well to the intermedium. 
Nevertheless, the united scaphoides and intermedium of any ape together form a mass 
which is much more disto-proximally extended than is the ulnar part of the human 
scaphoides. 

In one manus of a Chimpanzee ff , however (Plate XIV. fig. 1), I have found the sca- 
phoides develope a large process, embracing the magnum dorsally, while at the same 
time the part passing beneath the trapezium is much developed, so that in this case it, 
I think, evidently and completely responds to both the scaphoides and the intermedium 
of the Orang (Plate XIV. fig. 2). 

Again, in Indris, in which the intermedium is wanting, the outer part of the sca- 
phoides is enlarged, and has a more or less marked projection over the dorsum of the 
os m^num If would be a fact of much interest if it should turn out that in the 

* Its form' in Cynoeephalus is very well described by Dr, Johakn Georg Ilg, ' Monographie der Sehnen- 
roUen.’ Zweiter Abscbnitt. Erste Abtbeilimg, 1824, p. 4. 

t I make no doubt but Propithecus resembles in this Indris and Microrhynchus. 

ij: Buemeister’s * * * § ** Tarsius/ Table 2, fig. 6, h ; and Bi.AjircHAW)’8 ‘ Regne Animal/ Mammiferes, Primates, 
pi, 22, fig. 9, h. In Gbeiromys it joins the uneiforme, and extends between it and the lunare. — Owen, Trans. 
Zool. Soc. vol. V. pi. 21, figs. 17 & 18, i. 

§ Loc, dt. Pitheeus, p. 16. 

|j In his very interesting and valuaMe memoir on the limbs of Tertebrates. 1860, p. 4. 

^ Hunterian Lectures. See ‘ Medical Times, ^ 1864, vol. i. p. 565. 

** Legons d’Anat. Comp. 2nd e^t, 1835, vol. L p. 425. 

tl* The skeleton No. 5083a iu the Mnseum of the Royal CoU^e of Surgeons, M. Grahoust has, I find, 
noticed the same thing in his re<mt treatise, ‘ Tr<^iodyt^ Aubr^,’ in the Nouvelles Archives du Museum* 
vol. ii. 1866. tt BLArKvitLE, loc. dt.f Lemur, pL 10. 

2x2 
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CMmpjizee or ladris t&e distal part of the scaphoid is developed from a separate centre 
of o^ifi<^tion. 

If Fischee’s observation be correct, — that the intermedium, which he found separate 
in the young Macaco, was in an adult one united with the scaphoides ♦,-^these separate 
centres may not improbably exist in the young, at least, of Indris f . 

Semilunare. — This bone has much the same shape throughout the Order. In the 
Gorilla, and also in other Simiidge, it is larger and broader relatively than in Man. In 
some forms, where it is relatively small, as in Lemur and Indris it yet unites slightly 
with the unciforme, from which in higher forms it is, although relatively larger, some- 
times excluded. It is large in the Nycticebinee, projecting much proximally in Loris, as 
also in Tarsius It is very large in Cheiromys, where it is separated from the unci- 
forme by the extension of the intermedium as far as the cuneiforme ||. 

Cuneifonne. — This is longer and narrower in Troglodytes than in Man, and it is 
exceedingly elongated in Simia. It is large also in the lower Simiidse. Compared to 
the semilunare, it is large in Lemur, and stiU more so in Indris but in Loris it is 
much smaller than the last-mentioned bone. 

In all but Man, Troglodytes, and Simia; it articulates directly with the ulna, though 
very slightly so in the Nycticebinae. In all the rest of the Order it has an articular 
surface, for the reception of the styloid process of the ulna, which is contiguous to a 
similarly destined articular surface of the pisiforme. 

Sometimes in the lower Simiidse the outer end of the cuneiforme is produced into a 
rounded process or tubercle, projecting into the palm in front of the pisiforme. 

The cuneiforme is small in Tarsius **. 

Pisiforme. — The pisiforme is very small, relatively, in Man, Simia, and the Nyctice- 
binag. It is rather small in the other Lemuroidea and in Ateles ; larger in the rest of 
the Cebidae (especially in Mycetes, where its distal end is much expanded) and in 
Hapale ; larger still in the Simiidae other than Simia, and very large indeed in the 
Gorilla, where it attains its greatest absolute size, though relatively, perhaps, it is yet 
greater sometimes in Cynocephalus. In Hylobates it is long, but slender. 

The pisiforme of the Simiidae resembles that of Man, enlarged and pulled out at its 
free end, so as to change the little transverse groove which exists in him into a very 
long and slightly concave surfece. 

In all, except Man, Simia, and the Nycticebinae, it developes an articular surface for 
the ulnar side of the styloid process of the ulna, and contributes to form, with the 

* His words are, ware spater gewiss mit dem Kahnliein ganz veiwaclisen.” — Anatomie der 

Maki, p. 142. And the intermedium is rq)re8ented as united with the scaphoides in his plate, Tab. 15. 
fig. A, 7. 

+ In January 1867 (iherefore since this paper -was communicatedl), Dr. WiireEt Gbttbbe publidied mi account 
of a divided human scaphoides. See Keicheht mid Du Bois Betmond's Archiv, 1866, p. 565, Tab. 16. 

t Its smaUn^ in these genera is noticed by De Blautvilie, he. cit. pp. 10 & 21. 

§ Buemeisxer’s ‘ Taraim,’ Tab. 2. fig. 5, e. Ij Owen, he. dt. pi. 21. fiig. 18, 1, i, u. 

^ De Blainville, he. cit. Lemur, pi. 10. Bukkeistee, toe. dt. Tab. 2. %. 5, d. 
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cuaeifome, a cap for the reception of the end of that process. This cup may be well 
seen in the lower Simiidse, the Cebidse, and Lemur. 

In the Nycticebinse this bone is very small (as has been already remarked), and bend- 
ing distad, is applied to the outer surface of the unciforme, and has its extremity 
united to the palmar process of that bone. 

, Trapezium , — This is often a very irregularly-shaped bone. It is most nearly quadrate 
in the lower Simiidse and Cebidee ; it is most compressed disto-proximaHy in Man, 
Troglodytes, and the Lemuroids, but especially in Indris and the Nycticebin® 
(Plate XIV. fig. 4). 

The radial tuberosity varies as to its development. It is sometimes enormous in the 
Gorilla * and large in the Chimpanzee, but in Man, Simia, the Simiidse below the 
Simiinse, and in the American Anthropoidea it is slight. In Lemur this process pro- 
jects ulnad, and in Arctocebus it is large, and approaches within a short distance of the 
unciforme, to which it is united by a strong ligament. In Indris this process is conspi- 
cuous, and rather acute ; it is bent distaUy and rather ulnad. In Hylobates it is some- 
times developed to an extent rivalling that of the unciform process, being very long and 
projecting distad and ulnad. In Perodicticus it is very much developed, and is some- 
what like that of Hylobates, only that its width from disto-proximally is less compared 
to its transverse extent, and that it is directed more transversely and less distally than 
in Hylobates. It approximates to the unciform process, but is separated from it by an 
extra ossicle (Plate XIV. fig. 6). 

Very commonly a sesamoid exists (from Simia f downwards) at the radial border of 
the trapezium, and helps to complete the concavity for the reception of the radial end 
of the scaphoid. This sesamoid cannot be, as Dr. Lucae suspects J, a separated tubero- 
sity, because it exists separately (e. Hylobates, Perodicticus) when that process is at 
its maximum, and in Loris and Nycticebus it is present, together with two processes 
(Plate XIV. fig. 4). 

The surface for the reception of the first metacarpal is convex from the dorsal to the 
palmar surface of the bone, and sometimes it is more or less concave in the reverse 
direction, i, e. radiad from the trapezoides. In Man alone is this concavity constantly 
and strongly developed. 

In the highest Apes there appears to be much irregularity as to its develop- 
ment. Thus in the Gorilla it is sometimes very well marked, sometimes § very slightly. 
In the Chimpanzee it is generally developed slightly, but sometimes absolutely 

♦ Otteit, Trans. ZooL Soc. 'toI. v. pi. 10, figs. 1 &2. 

t Br. LtrcAE speg^ of it in the Orang, and represents it (foe. dt. pp, 304 & 305, and pi. 3. fig. 8). It is 
figured by Prof^sor VnoLis: in Tonn’s Cyclopaedia of Anat. and Phys. vol. iv. p. 204, fig. 124, i, Mr. W. H. 
Fioweb also informs me that he obMirved its existence in the ■wrist of an adult male Orang at the Museum of 
Leyden. 

t Loe. dt. p. 305. 

§ E. g. Eo. 5179 a in fiie Osteological CoUectimi of the CoU^ of Surgeons. 
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disappears * * * § (Plate XIV. fig. S), In Simia it is sometimes as marked as in tlie GdriUa ; 
sometimes, however, it can hardly be said to exist at aU. 

In Hylobates there is no trace of any concavity, but a strongly convex and rounded 
tubercle receives the concave articular surface of the base of the metacarpal of the 
poUex f . 

In the lower Simiid® the concavity is again sometimes present, though it is always 
very slight, and occasionally in Semnopithecus there is no indication of it, though in 
Colobus I have found it decidedly present, but slight ; in Dr. Ltjcae’s specimen, however, 
it was absent 

In Ateles the trapezium is large in spite of the rudimentary condition of the pollex ; 
but there is no saddle, i, e. no concavity for the metacarpal 

In the other Cebidae the depresaon sometimes exists. I have observed a decided, 
though small saddle in Brachyurus and some specimens of Cebus ; in others I could 
detect no trace of such a structure, nor have I found such in the other genera of Cebidae 
I have been able to examine. 

In the Lemuroidea the concavity is very slight, though it may generally be detected. 

The trapezium is always so placed that the axis of the convexity of the saddle forms 
a marked angle with a line drawn across the articulations of the four outer metacarpal 
bones with the proximal row of carpals || (Plate XIV. figs, 6 & 7). 

In Man and the Gorilla this angle is very open, but in the Chimpanzee and some- 
times in lower Simudse it is smaller, the trapezium being, as it were, somewhat more 
pressed inwards, at its radial end, towards the middle of the palm. It is never, however, 
so inclined inwards as is the axis of the cylinder of the entocuneiforme of the pes, 
though the resemblance is considerable in the Chimpanzee, which thus differs from the 
inferior forms, as well as from Man. 

In the American Anthropoidea the trapezium is well set out ; and this, no doubt, con- 
tributes to produce that very feeble opposition and palmad flexion of the pollex which 
have been noticed to exist in them. 

TrapezMes . — This bone is generally pyramidal in shape, the apex being towards the 
palm. It is more pointed at its palmar end in the lower Simiidse than in Man, and still 
more so in Lemur. 

It is very small in Tarsius % but of ordinary relative size in Arctocebus and Perodic- 
ticus, in spite of the rudimentary condition of the index. 

* E. g. the mounted manus, No. 744, in the same collection. The absence of a saddle in this specie is 
noticed by Prof^sor Httxiet ; see ^ Medical Times,’ 1864, voL i. p. 428. 

t Noticed by Dr. Ltjcae, he. ck. p. 305, and Tab. 4. %. 8. 

t lae. dt. p. 311. 

§ Dr. Lucab speaks of the convex articnlar snrfime which, io Atel^, is received into the concavity of the 
metacarpal (he. ek. p. 311). 

{) The “ digital angulation” of Prof^sor Hnxinr. See ‘ Medical Times,’ vol. i. p. 177. 

^ Boemeistee, he. eit. Tab. 2. fig. 5, g. 
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la Maa aad the Simiidee the proximal angle of its radial side is produced, — ^not so in 
other forms. 

In all but Man, Troglodytes and the Indrisinge, it articulates with the intermedium. 

Magnum , — ^This bone is not generally the largest of the carpals *. As seen in a 
carpus with the bones articulated together, it appears much less than the unciforme in 
Hylobates, as also generally in the lower Anthropoidea, and always in the Lemuroidea. 

It has throughout much the same shape as in Man ; but its distal articular surface is 
often more concave, as are also its lateral margins. 

It projects distally beyond the trapezoides in Man, the Shniidae (though very slightly 
so in Hylobates), the CebidsB (except Ateles and Lagothrix), Hapale, Lemur, the Nyc- 
ticebinae, Tarsius, and Cheiromys. 

It may or may not articulate with the fourth metacarpal. Thus in the lower Simiidae 
there is a distinct articular surface for the latter, but not in Lemur. 

Umiforme, — In all the Primates this bone has a shape very similar to that which it 
presents in Man, but, as has been already remarked, it often predominates in size over 
other carpals. 

The palmar process is enormously long in I%lobates, and I have found itf very large 
in the Nycticebinse, large also in Indris, the Simiinae (especially Simla), and Man. In 
him and in the Nycticebinas this process projects much palmad, in other forms less 
palmad and more distad. In some, as in Macacus and Lemur (at least sometimes), 
it is so small as to form merely, as it were, the palmar lip of the distal articular 
concavity. 

As has been said, an extra bone exists in Perodicticus, namely, an ossification of the 
anterior ligament of the carpus between the processes of the trapezium and unciforme. 
This small bone, which has been described and figured by Van Campen J, is subtrian- 
gular in shape, and joining, as it does, the unciform process on one side, and the 
tuberosity of the trapezium on the other, it causes the flexor tendons to pass through a 
complete bony ring (Plate XIV. fig. 6). 

Metacaepus. 

The greatest absolute length of this segment is exhibited by the third metacarpal of 
Simla. 

The length of this part of the skeleton, as estimated by a comparison of the third 
metacarpal with that of the whole manus, is greatest in Simla and Troglodytes, where 
the length of the former is almost two-fifths of that of the latter. In the rest of the Order 
it varies between this dimension and that of Brach 3 rurus and Loris, in which genera it is 
very little more than a quarter, except in Arctocebus, where it is even somewhat less. 

* Speakit^ of Cercopithecus sabsBBS, Db BLAomitB remarks tibat the uBciforme is larger than the magntim 

(Z.C, p. 16). 

t Tet Be BLAumixE foimd it littte mark^ (Ibc. tit. Iiemur, p. 15). 

$ In the periodical before referred to. , 
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The metacarpus always much exceeds the carpus in length. It does so most, perhaps, 
in the Chimpanzee and Indris, and probably least in the Nycticebinse. 

The proportion of this segment to the spine is greatest in Hylobates, where it 
is sometimes nearly one-fifth, and then in Tarsius, the Chimpanzee, Cheiromys, and 
Ateles. It appears to be least in the Nycticebinse. 

The four mder Metacarpals . — ^These metacarpals are always more or le^ enlarged at 
each end. The proximal ends are never much wider transversely than the distal ones, 
and very rarely so at all. It is the case, however, in the Nycticebinse, and at least some- 
times in Lemur, and slightly in Cynocephalus. On the other hand, the distal ends often 
greatly exceed the proximal ends in breadth, as is the case in the Simiinse and Ateles. 

The proximal articular surfaces are more or less concave in Man and Troglodytes. 
In Simia and Hylobates those of the fourth and fifth metacarpals become decidedly 
convex, and in the lower Anthropoidea that of the third becomes convex also, and all 
four become so in the Lemuroidea. 

The proximal surfaces of these metacarpals are in most Primates nearly at right 
angles with the long axes of their shafts; but in Hylobates a line joining these surfaces 
inclines distally as it proceeds ulnad from the index, and this inclination exists slightly 
in Troglodytes, sometimes in Lemur, and a trace of it is to be seen in Man. 

The antero-posterior diameters of the heads (i. e. from dorsum to palm) are never 
greatly in excess of the transverse ones, except in Indris, Lagothrix, and Ateles, though 
slightly so in Simia and Hylobates. Generally the two diameters are about equal. 

The shafts always broaden downwards {i e. distad) decidedly. They are always 
flatter on the dorsum than are the metatarsals, and never so laterally compressed. 

Antero-posterior planes extending vertically through the metacarpals from the dorsal, 
to the most prominent parts of the palmar surfaces, have their palmar edges in the 
fourth and fifth metacarpals, inclined towards the middle of the palm. Often the same 
can be said of such a plane traversing metacarpal of the index. 

The shaft of the fifth metacarpal is never much flattened on its palmar surface. 

The palmar surfaces of the metacarpals are more concave disto-proximally than those of 
the metatar^ls in the same individual, yet scarcely so, perhaps, in Simia and Hylobates. 

The metacarpals always diverge more or less distally ; least so, perhaps, in Hylobates, 
Simia, and the Nycticebinse, though (except in the last-mentioned subfamily) always 
more so than do their homotypes of the pes. 

The heads are never bmit ulnad at their extremities, but continue pretty much in the 
same direction as the’ shafts. 

The distal articular surfaces are in all formed nearly as in Man, but are shortest 
dorsally in him. 

In Man and the Simiinse they are much larger than the homotypal parts of the pes. 
In the lower forms they are but slightly so. 

First M.et(marfal . — ^This metacarpal attains its greatest absolute length in the Orang. 
As compared with the spine, it is longest in Tarsius, whmre it is more than one-tenth of 
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the length of the latter — which it is also, sometimes, in Hylobates. It has always more 
than half that proportion (i. e. than one-twentieth), except in Chrysothrix, Loris, Nycti- 
pithecus, Arctocebus, Lemnr, Perodicticus, and Colobus. In the last it is to tlje spine 
only as about 3*5 to 100. 

There is never a very large process on the palmar side of its proximal end, as there 
is so often in the corresponding part of the hallux. 

The proximal articular surface is sometimes concavo-convex, as in Man, the Gorilla, 
sometimes in the lower Simiidae and Cebidae, and in the Nycticebinse. But there is 
individual variation in this respect ; and often this double curvature is scarcely to be de- 
tected, e. g. in the Chimpanzee, Simia, Lemur, and Ateles. In Hylobates there is a con- 
cave surface only, which unites with the articular ball of the trapezium. 

The shaft of the bone generally broadens distally, but sometimes (<?. g, in some of the 
lower Simiidae) it tapers, yet never so much so as does the shaft of the hallux of the 
same species. 

The distal end is rarely broader than the proximal one, generally it is of almost the 
same width, but sometimes narrower. It is probably never so much broader in the 
forms below Man as it is in him. 

The angle formed by the transverse axis of the head with another similarly traversing 
the heads of the other metacarpals, always more or less nearly approaches a right angle, 
except in the Cebidae and Hapale, where it is more obtuse, yet not so much so as is 
the homotypal angle of the pes of Man. 

This metacai'pal is never the longest one of the manus in any species, and it is the 
shortest one in all except the Nycticebinse (where it exceeds in length the second meta- 
carpal, and sometimes the fifth also) and Tarsius, where it slightly exceeds the fifth, 
but not the second one *. 

Second Metacarpal . — This is sometimes the absolutely shortest metacarpal found in 
the whole order ; namely, in Arctocebus. It is the longest of all in the same manus in 
Man, sometimes in Troglodytes and Simia, in Hylobates, and in the Cynopithecinge. 

It is the shortest one in the Nycticebinee. It is shorter than the three metacarpals 
external to it in Indris, Cheiromys, and, of course, in the Nycticebinse. 

Its proportion to the metacarpal of the pollex is greatest in the Chimpanzee, where 
it is more than twice and a half its length, then in the Semnopithecinae and the 
GoriEa. In all the rest it is longer than the metacarpal of the pollex, except in the 
Nycticebinse, where, in Arctocebus, it is scarcely more than three-fourths its length. 

The metacarpal of the index projects furthest (distad) of any in the same manus, 
in Man, sometimes in Troglodytes, in Hylobates, and sometimes in the lower 
Simiidae. 

It projects distad less than do the three metacarpals external to it in some, e. g. 
in Ateles, Pithecia, and sometimes Hapale, the Lemuridae, and Cheiromys. 

In Indris the shaft is much curved, with the concavity radiad. 

♦ See BtraicEigiiEra aad Blakchabb, he. eii. 
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The proximal end always articulates more or less with the trapezium and magnum. 

The proximal articular surface is sometimes strongly concave transversely, as in most 
Anthropoidea ; sometimes it has a very strong projecting ridge, as in Loris, or the 
surface may be even, as in Lemur. In Indris it sends a remarkable lateral process to 
the radial side of the magnum. 

Third Metacarpal . — This metacarpal is the one which attains the greatest absolute 
length in the whole order, which it does in Simla. Its proportion in lei^h to the whole 
manus is greatest in Simla, Troglodytes, and Cynocephalus, where it is nearly two-fifths 
the length of that segment. It is always more than one quarter, except in Arctocebus, 
where it is a little less. It is the longest metacarpal of all in the same manus in many ; 
namely, sometimes in Troglodytes and Simla, in almost if not all Cebidse (except Pithecia), 
in Hapale, and in all the Lemuroidea, except Indris (Indrisinae 1), above all in Cheiromys *. 
It is never the shortest metacarpal of any manus. It projects most distad of any 
in the same manus in Simla, sometimes in the lower Simiidse, in Lagothrix, Cebus, 
Nyctipithecus, Chrysothrix, Hapale, the Nycticebinae, Tarsius, and Cheiromys. 

There is an angular projection at the radial side of the proximal end of the dorsum, 
in Man, and to a much less extent in the Simiinae. I have not observed this in lower 
forms. 

The proximal articular surface is concavo-convex in Man and the Simiinae. In lower 
forms it is generally more or less strongly and exclusively convex ; rarely it is decidedly 
concave, as I have found it in Ateles. 

Fourth Metacarpal . — This is the longest one of the mmius in Pithecia and Indris, but 
it is never the shortest one. 

It projects slightly the most distad of all in Ateles, Pithecia, Indris, Lemur, and 
Perodicticus. The proximal articular surface is generally strongly convex antero- 
posteriorly, as in the lower Simiidse and Cebidse. It is less convex in Lemur, very 
slightly so in Indris. In Man and Troglodytes it is concavo-convex, and more or 
less, though sometimes very slightly, so in the other Simiinse and in Ateles. 

Mfth Metacarpal . — ^This metacarpal is never the longest of aU in the same manus, 
except sometimes (as rarely in the lower Simiidse) when its backwardly projecting 
process is included in the measurement. 

It is the shortest of all except the pollex in Man, the Simiid®, most Cebidse, Hapale, 
and sometimes in Lemur. It is shortest of all, including the pollex, in Tarsius. 

It never projects more distad than the other metacarpals, but it does so least, 
excluding the pollex, in Man, the Simiidse, Lagothrix, Cebus, and lower Cebidse. It 
does so least of all (pollex included) in Tarsius. 

The proximal articular surface is always more or less strongly convex. 

A process sometimes extends backwards from its proximal end, outside the corpus, 
like that of the homotypal bone of the pes. This, however, is large only in the lower 

* In Cheiromys alone is it ahn<»t double the length of the second metacarpal, and nearly <«ae-third longer 
than the fourth, being at the same time veij much more slender than any of the ofiier metaccurpi^. 
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and lowest Simiidse ; but even there it is never so large as the corresponding process of 
the pes in the same individual. 


Phalanges. v 

In almost all species the metacarpals aU support phalanges, the only exceptions 
being in Colobus and Ateles *. 

In all other genem the poUex has two phalanges, and the three outermost digits 
have always three each. The index has also always three phalanges, except in Perodic- 
ticus and Arctocebus, where there are only two. 

The prosdmal phalanx of the pollex is absolutely longest in Man, the Chimpanzee, 
the Gorilla, and the Orang. 

It is always shorter than the first metacarpal, except in Nyctipithecus, Perodicticus, 
and Cheiromys ; in the last, indeed, it greatly exceeds it There is very little difference, 
however, in Chrysothrix, Hapale, Lemur, Gralago, Loris, and Arctocebus. On the other 
hand, in Colobus it is only one-third of the length of the metacarpal, and in Semno- 
pithecus, blylobates, and Simia there is also a great difference, though it is always 
more than half the length of the metacarpal. 

The second phalanx is always shorter than the first ; it is less even than half its length 
in Semnopithecus, sometimes in Macacus, in Nyctipithecus, Chrysothrix, Indris, Lemur, 
Galago, and Loris. 

It is always flattened at its distal part from dorsum to palm, except in Hapale, in 
which genus it is laterally compressed, curved and pointed at the end. 

The phalanges of the other digits are of very similar form throughout the order, and, 
as in Man, are convex transversely on the dorsum and flattened on the palmar side of 
each. 

The ultimate phalanges are always flattened from dorsum to palm, except in Hapale, 
where they are laterally compressed, curved and pointed to support the similar-shaped 
claws of that genus. In Cheiromys they are much attenuated. 

The proximal phalanx of the third digit is as long as, or longer than any other 
phalanx of the four outer digits in the Anthropoidea and Tarsius. That of the fourth 
digit is the longest in the Nycticebinse and Cheiromys, but the predominance in length 
of the second phalanx of the fourth digit over the second phalanx of the third digit, 
which occurs in Cheiromys, is quite peculiar to that genus f. 

The relative length of the phalanges may be estimated by selecting those of the third 
digit for comparison. 

Thus the proximal phalanx is always much more than half the length of the third 

♦ Dr. Lvcae has found one phalanx in the pollex of Colobus, but none in that of Ateles. He concludes, 
however, from the fonn of the distal end of the metacarpal in the latter genus, that a phalanx has existed and 
been lost. Professor Huxubt says that there is usually a small and nodular phalanx in Ateles (Medical Times, 
1864, vol. L p. 93). 

t See OwEx, Trans. Zool. Soc. vol. v. pi. 21. %. 17. 

2t2 
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metacarpal. It almost equals it in length in Lagothrix, Cebus, Pitheda, Chryso 
thrix, Lemur, Arctocebus,; and sometimes in Hapale *. It sHgbtly exceeds it in Bm- 
chyurus, Nyctipitbecus, Galago, Loris, and Perodicticus, and wry largely so in Tardus 
and Cbeiromys, 

Its proportion to the manus is greatest in the two last-mentioned genera (about as 

34 to 100), in all the rest it is more than a quarter, except in Ateles, Cynoeephalus, 
Cercopitheeus, Troglodytes, Man, and last of all, Arctocebus, where it is as 21*6 to 100. 

It is^ at its greatest absolute length in Simia. 

The second phalanx is at its greatest absolute length in Simia and the Chimpanzee. 

It is always more than half the length of the proximal phalanx, except in Perodic- 
ticus and Cheiromys, where it is a little less. It is never, however, nearly so long as 
the first phalanx. 

The third phalarur of the third digit is, like the other phalanges, absolutely longest 
in Simia. 

It is always shorter than the second phalanx, and is less than half its length in the 
Chimpanzee, Orang, Hylobates, Semnopithecinae, Macacus, Pitheda, Nyctipithecus, 
Chrysothrix, Indris, Lemur, 'Loris, and Cheiromys. In Tarsius alone is it less than one- 
third of the length of the second phalanx. 

The phalanges always shorten successively, except that the second phalanx of the 
fourth digit is longer than the proximal phalanx of the index in Galago and the Nyc- 
ticebinse (especially, of course, Perodicticus and Arctocebus), and that it is longer than 
the proximal phalanx of the fifth digit also in Cheiromys. 

Digits without theik Metacaepals. 

The^o^^^ thus measured is absolutely longest in Man when of average size. 

As compared with the w hole length of the manus, it is greatest in Arctocebus (about as 

35 to 100), then in Hapale, Chrysothrix, and Man. In all it is more than one-fifth the 
length of the manus, except in the Simiinae and Semnopithednse, Nyctipithecus, and 
Galago. It is less than a twentieth in Colobusf. 

The pollex is never the longest digit of the manus, but, except in Perodicticus and 
Arctocebus, it is always the shortest one. 

The index is never the longest digit of the manus, but in the two last-mentioned 
genera it is the shortest one. It is decidedly the shortest, except the pollex in the Le- 
muridae and Cheiromys. It projects furthest distad in none ; it does so least of the 

^ According to Dr. Lvcae, the first phalanx is equal to the metacarpal in length in Hapale Galago 
(toe. cit. p. 320). 

t Dr. Ltjcae, he. dt. p. 318, says that Hie pollex without its metacarpal do^ not by a good ^al attain in the 
tailed Apes the proportionate length which it reaches in Ihe Simiinee. I have found all the lower Sirniidas to 
exceed all the Simiinae in this respect except T. niger, and Dr. Lucae, in his Table B., giv^ for the proporfion 
to the manns at 100, 22 & 24 to Cynoeephalus, while to H. Leuciscus (which has the highest proportion of his 
Simiime) he only assigns 21-7 (see pp. 307 & 317). 
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four outer digits iu all the Lemuroidea, except Tarsius. In Arctocebus and Perodic^ 
tieus the index is extraordinarily short, consists only of two phalanges, and is abso- 
lutely and relatiYely the shortest digit of both manus and pes. It is also as short as, 
or shorter than the metacarpal which supports it, which in all other forms it e:kceeds 
in length. 

As compared with the whole manus, the index is longest in Chrysothrix, Tarsius, La- 
gothrix, Mycetes, Lemur, and sometimes Hylobates, where it exceeds half the length of 
the former. Excluding the Nycticebinse, it only falls below two-fifths in some of the 
lower Simiidae. 

The third digit is absolutely longest in Simla ; as compared with the length of the 
whole manus, it is longest in Tarsius and Chrysothrix, where it exceeds three-fifths the 
length of that segment, and then in Lagothrix and Mycetes. 

It exceeds two-fifths in all, but very slightly so in Arctocebus, in which it is shortest. 

It is the longest d^it of the manus in Man and the Simiidae, Nyctipithecus, Chryso- 
thrix, and Tarsius. In the Cebinae the fourth equals it. 

It is never the shortest nor ever the one which projects least distad. It projects 
furthest distad of the digits of the manus in the Anthropoidea, except Pithecia, and 
in Tarsius. 

The fourth digit is the longest one of the manus, and also projects furthest distad in 
Pithecia, and in all the Lemuroidea except Tarsius. 

It about equals the third digit in length in many of the Cebidae and in Hapale. 

It is never the shortest, even excluding the pollex. The fourth digit projects further 
distad than does the index, in Troglodytes, Simla, the Cebinae, and Lemuroidea. The 
projection of the two is about equal in Hylobates and the lower Simiidae. 

The fourth digit is almost always somewhat longer than the second. 

' The fifth digit is never the longest or most distally projecting one of the manus. 

It is the shortest one, except the pollex, in Man and the Simiidae, and it is about 
equal to the index in the Cebidae and Tarsius. It projects least of the four outer digits 
in the Anthropoidea and in Tarsius. 

The proportion borne by the longest digit, without its metacarpal, to the longest 
metacarpal, is greatest in Cheiromys and Tarsius, where the first is more than twice 
and a half the length of the second. Then in the Nycticebinae, where it is considerably 
more than twice as long. In the rest it varies between this proportion and once and a 
quarter, except sometimes in Cynocephalus, where the longest digit may scarcely exceed 
the longest metacarpal by more than one-fifth of the length of the latter. 

Digits with theie Metacaepals. 

Thus estimated the ^llex is absolutely longest in Man, when of average size, and 
then in the Orang and Gorilla. 

Its proportion to the spine is greatest in Tarsius, namely more than one-quarter ; 
then in Cheiromys, and sometimes in Hylobates, where it equals one-fifth. In the rest 
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it varies betweai this and a tenth, except in Cercopithecus, Semnopithecus, Atel^, and 
Colobns, being in thie last genus less than one-twentieth. 

Its length, compared with that of the entire manus, is greatest in Arctocebus, and then 
in Chrysothrix, in both of which it considerably exceeds one-half. It does so slightly 
in Man, Hapaie, and also in Loris. In the rest it varies between this proportion and 
two-fifthsv except in the Simiinae *, Cheiromys, and Semnopithecus, and finaEy, in C5o- 
lobus mid Ateles, in which two last genera it is less than one-fifth. 

The poHex, when extended beside the index, exceeds it greatly in Arctocebus and 
Perodicticus f. It reaches nearly to the distal end of the second phalanx in Loris, and 
to the distal end (or very near it) of the proximal phalanx in the Cebidse, and mostly 
in Hapaie. It reaches considerably beyond the middle of that phalanx in Man, Tarsius, 
and Cheiromys, beyond the middle in Indris, and to its. middle in Lemur and Gralago, 
Occasionally in the lowest Simiidse it nearly reaches the middle of the proximal 
phalanx, but generally does not extend so far. It goes but very little beyond the 
proximal end of that phalanx in the Gorilla and Hylobates, and still less beyond it in 
Semnopithecus. In the Chimpanzee it barely attains the distal end of the metacarpal 
of the index, while in Simia it decidedly faUs short of its end. In Ateles, i. e. in the 
specimens examined (without a phalanx), it reaches more than halfway down the me- 
tacarpal of the index, but in Colobus (with a phalanx) it does not attain its middle. 

The pollex, when compared with the longest digit of the manus, is at its maximum of 
relative length in Cheiromys (in spite of the great length of its longest digit), being 
almost quite three-fourths the length of that digit Arctocebus and Hapaie, Loris, and 
Man follow, its proportion in all four being more than three-fifths. The rest vary be- 
tween this and Hylobates (where it is sometimes only as 33’4 to 100), except Colobus 
and Ateles, in which the proportion is only one-fifth or even less. 

The imdex^ compared with the spine, is longest in Hylobates and Tarsius, where it 
approaches one-half the length of the latter. Then in Simia, Cheiromys, and Ateles, 
where it is considerably more than one-third. In the rest it varies between this and a 
fifth, except in Cercopithecus, the Cebidae below Mycetes, Lemur, Galago, and the 
Nycticebinse, being least in Perodicticus and Arctocebus, where it scarcely exceeds one- 
twentieth. 

The longest digit, whether third or fourth, compared with the length of the spine, is 
greatest in Tarsius, Cheiromys, and sometimes Hylobates, where it exceeds one-half. 
The rest vary between this and one-fifth, except Cercopithecus, Chrysothrix, Lemur, 
Loris, and Arctocebus, being least in the last-mentioned, where the proportion is as 
about 16 to 100. 

* Dr. Lucae found the pollex wifii iis metacarpal to exceed tiiat of Man in Macacus gelada, fbat of the 
Orang to be less tiian that of the Chimpanzee, and that of Hylobates to be greater than that of any other of 
the Simiinse (loo. cit. pp. 307 & 317). 

t In Perodicticus the pollex reaches somewhat beyond the middle of the proximal phalanx of the tidrd 
digit ; in Arctocebus it attains the ultunate phalanx of the third digit 
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The Pelvic Limb. 

The entire lei^h of the pelvic limb, measured from the summit of the femur to the 
distal end of the longest digit, is absolutely greatest in Man, and then in the Gorilla, 
prang, and Chimpanzee successively. » 

The absolute length of the leg, without the pes, is again longest in Man and the 
Gorilla ; but in the Chimpanzee it is longer than in the Orang. 

The entire length of the pelvic limb, compared with that of the spine, is greatest by 
far in Tarsius, the former being nearly twice and a half as long as the latter. Then 
follow Hylobates and Ateles, in which I find the pelvic limb to be more than once and 
three fifths the length of the spine. Man and Galago follow, the proportion being in 
them a little less than one and a half to one. Cheiromys and some of the Cebidae 
and Hapale succeed, and in aU, the limb is at least one-tenth longer than the spine, 
except in Lemur, Perodicticus, and Arctocebus. It is less than the spine in Lemur, 
and stiU less in Perodicticus, while in Arctocebus it is least of all — about 85*2 to 100. 

The proportion borne by the limb, without the pes, to the spine is greatest in Tarsius, 
being more than once and a half the length of the latter, then Hylobates, once and 
a quarter, or a little more. In Man the proportion is as about 117 to 100. The limb 
is a trifle longer than the spine in Ateles, and scarcely shorter than it in Gal^o, 
Lagothrix, and Indris ; in all the others it is above seven-tenths its length, except in 
Perodicticus and x\rctocebus, in which it is as 65 to 100. 

The proportion borne by the entire pelvic Umb to the entire pectoral one is far 
greatest in Galago, where the first is considerably more than once and a half the length 
of the second. In Indris it is as about 144*5 to 100, in Man and Nyctipithecus as about 
135. In the rest it is less, but still the pelvic limb is longer than the pectoral one, 
except in Ateles ♦ and the Simiinge, in which it is shorter f, being sometimes only as 
75*2 to 100. 

The length of the pelvic limb minus the pe§, compared with that of the pectoral one 
without the manus, is greatest in Galago and Indris, the first being in each more than 
once and a half the length of the second. Man follows (145 to 100), then Calli- 
thrix and Nyctipithecus (about 137 to 100), and aU the other forms have the pelvic 
limb the longer, except in the Chimpanzee, Ateles, the Gorilla, Hylobates, and Simla, 
the proportion in the last being only as about 73*4 to 100. 

Os IJTNOMINATUM. 

Throughout the order this bone consists of parts and processes homologous with 
those existing in Man ; yet in him it assumes a form and proportions strikingly difierent 
from those existing in any other Primate. 

♦ Profe^r Huxubt notices Oie gieater length of the pectorid limb in Ateles. See * Medital Tun^,’ 1864, 
Tol. iL p. 93, 

t Aeeording to Hr. Lvcin (he, p. 280) the proportion decre^es in the following order: — ^Man, the 
Chimpanzee, Hylobates, the Gorilla, the Orai^. 
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In absolute size this bone attains its maximum in the Gorilla * ; it is next longest in 
the Chimpanzee, then in the Orang, afterwards in Man, and then in the largest Cyno- 
cephali ; and there is even less difference in its length between the last and Man than 
there is between Man and the Gorilla. 

The expansion of the ilium, as measured by the length of its crest, is again greatest in 
the Gorilla, and then in Man, who in this respect exceeds both the Chimpanzee and 
Orang. The Siamang follows these, and close upon it the Mandrill. 

The part corresponding with the anterior margin of Man is longer than in him in all 
the largest Simiidse, and sometimes in Ateles. 

The pubic symphysis is actually longest in some Cynocephali, then in Troglodytes, 
Simia, and Man. 

The conjugate diameter of the pelvis f is far greatest in the Gorilla, then in the 
Chimpanzee, Man, and the Orang. 

Its transverse diameter is also greatest in the Gorilla. 

The ilio-pubic ^gle, or that angle formed by the iliac part of the ilio-pectineal line 
with the anterior (in Man superior) margin of the so-called “ horizontal ” ramus of the 
pubis, varies from 88°, or even somewhat lessj, in Loris to 180 in Man. 

That ilio-ischial angle formed by the superior part of the ilio-pectineal line with the 
superior (in Man posterior) margin of the ischium, is about 110° or 113° in Man; but 
in Apes and Lemuroids it varies from 140° to more than 180®, as also in some Cebidse. 

The angle formed by the same part of the ischium with the superior (in Man posterior) 
margin of the ilium is in Man about 140°, in Hylobates about 147°; in the rest it varies 
between this and 180°, which it attains in Troglodytes and Loris, but in Cynocephalus 
and some Cebidse it is yet greater. 

The extreme length of the os innominatum, when compared with that of the spine, is 
greatest in the Gorilla, where the former is decidedly more than one-half of the latter. It 
is also rather more than half in the Chimpanzee. In the Orang the proportions are as 
45*8 to 100 ; in Hylobates, Ateles, Tarsius, Cynocephalus, and Lagothrix from 43*5 to 
36*7 ; in Man and Cebus 32 ; the rest vary between this and 26, except Nyctipi- 
thecus, Callithrix, and Arctocebus, in which this bone is a trifle less than a quarter of 
the length of the spine. 

The length of the inferior (in Man anterior) margin of the ilium between the spinous 
processes, compared with the length of the spine, is greatest in Tarsius and the Chim- 
panzee, where it is over one-fifth ; the rest vary between this and Man, in whom it is 
considerably less than one-tenth. 

Comparing the same mar^n with the total length of the os innominatum, the pro- 

* Professor (hraK remarks tkat it “ would fit a human giant ten feet in height.” Trans. Zool. Soc. vol. v. p. 12. 

t Measured from the caudal end of the ventral surface of the first sacral vertebra to the symphjsiB pubis. 

t Mr. Jomr Wood, in his admirable article on the Pelvis in Tonn’s ‘ Cyclopaedia of Anatomy and Physiolc^,’ 
vol. V., gives 75° as the ilio-puhie angle of Loris. He calls attention to the great pecalianty in' Man of the 
ilio-puhic angle being represented by a straight line. 
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porfioii is greatest ui Tardus, and tie Lemuridae other than the Indrisinse. It is least 
in die Gorilla and Man. 

The breadth of the ilium (as measured by a straight line drawn between its anterior 
•—in Man superior — spinous processes), compared with the length of the spinal column, 
is greatest in the Gorilla, where it is more than three-tenths of the length of the latter. In 
the Orang and Man it is a little more than a fifth, and a trifle less in the Chimpanzee. In 
Hylobates it is about three-twentieths, and in the rest of the order it is between that and 
one-twentieth, except in Lemur and some of the Nycticebinse, in which it is rather less. 

The proportion borne by a line following the curve of the crest 'of the ilium to a 
straight one joining its anterior (in Man superior) spinous processes is greatest in Man, 
Hylobates, the higher Cebidae, and the Chimpanzee and Gorilla. It is least in Galago, 
the Nycticebinae, and Tarsius. 

The length of a line extending from the ilio-pectineal eminence to the nearest point 
of the tuberosity of the ischium, as compared with that of the spinal column, does not 
vaiy much. It is greatest in the Gorilla, viz. as 21*8 to 100 ; then in the Chimpanzee, 
17*7 ; in Man and Simia, 16 ; the rest vary between this and the proportion one-tenth, 
except Chrysothrix and the Nycticebinae, where it is less. 

The antero-posterior (in Man vertical) diameter of the acetabulum, as compared with 
the length of the spinal column, is greatest in the Orang, where it is as 8 to 100, then 
in Man and the Gorilla. It is smallest (under 3*5 to 100) in Arctocebus, Chrysothiix, 
and Hapale. 

When the same dimension of the acetabulum is compared with the length of the os 
innominatum, the proportion appears to be greatest in Man, then in the Orang, and 
least in Hapale and some of the lower Simiidae. 

The length of the symphysis pubis, compared with that of the spine, appears subject 
to great variation in the same species; but it is greatest in the Simiidee*, where it 
sometimes exceeds one-tenth ; in the rest it ranges between this and one-twentieth, 
except in Man, Galago, Nycticebus, and Lemur, where it is a little less, and least of 
all in Arctocebus, Loris, and Perodicticus, where it is sometimes only as 1*7 to 100. 

The length of the os innominatum, as compared uith the greatest transverse diameter 
of the pehis, is greatest in Loris, viz. as 442*4 to 100, then in the Pitheciinae, 340*2 
to 100 ; the rest varj^ between this and 211, except in Man, in whom, at least sometimes, 
it is a little under 2 to 1. 

The breadth of the brim of the true pelvis, as compared with its conjugate diameter, is 
greatest in Man, where alone the former is in excessf, viz. as 105*6 to 100. Some- 

* Professor Httxlet remarks of Hylobates, “ The subpubic arch, distinct in all tbe other great Apes, has 
almost disappeared, tbo symphysis pubis being inordinately long” (Med. Times, 1864, vol. i. p. 618). And 
of the lowest Simiidas be says, “ The symphysis is exceedingly long, the subpubic arch being very much 
reduced” (he. eit. p. 672). 

f. Not always so, however, Professor Hvxlet has observed. See ^ Medical Times,’ 1864, vol. i. p. 344. See 
ako Mr. JoHX Wood’s article on the Pelvis in Todd’s ‘ Cyclopsedia,’ vol. v. pp. 150 & 151. 

MDCCCLXVII. 2 Z 
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times ia Cynocephalas proportioai is as 97 to 100, and it mnm betwem tJiM 
55 to lOOj except in Arctocebns and Nycticebus, where the br^^h is bat very little 
above half the length, and in Loris, where it is evm. than haH 

The length of the os innominatum, compared with that of the scmpnk, fittwn- 

the anterior end, or summit of the glenoid sarfece to the postermr vert^jiai angle), is 
greatest in the Chimpanzee and some other Simiid®, and is least in Man, the Orang 
and lower Cebid«, Galago, Tarsius, Nycticebus, and Hapaie. 

The crest of the ilium undeigoes a great change in form and proportion as we pass 
firom one end to the other of the ordinal series. 

Its length (measured along its curves) never equals half that of the m innominatum, 
except in Man and the Simiinse ; and, indeed, in Hylohates this is only sometimes the 
case. In Man alone does it nearly equal (and sometimes exceed) the length of the 
entire bone. It is at its minimum in Galago and the Nycticebinse. 

The breadth of the ilium, as measured by a strai^t line joining the points (xare- 
sponding with the superior spinous processes of Man, exceeds half the total length of the 
os innominatum only in Man, thje Gorilla, and the Orang, being r^pectively, to the latter 
dimension at 100, about as 69*8, 50*8, and 50"7 respectively. 

The crest of the ilium is in some few forms much arched in a direction corresponding 
with that which is upwards in Man. This is especially the case in Hylohates, Mycetes, 
Ateles, and Lagothrix, and in a less degree generally in Man, Troglodytes, and Simia. 
In the other Anthropoidea it is but little so arched, the curvT of the crest of the ilium 
being to a straight line joining its extremities as 126*4 to 100 on an average. In Indris 
and Lanur it is sometimes very slightly more arched; but in Galago, the Nyctieebin®, 
and Tarsius it is almost straight. 

The lateral (in Man horizontal) curvnture of the crest of the ilium presents a strongly- 
marked sigmoid flexure in none but Man, though in Troglodytes, and sometimes in 
Simia, there is a slight trace of such sigmoid curvature. 

In the rest of the order the margin is aU but, or quite straight, as in the Nycticebin© ; 
or there is but one lateral curve concave outwards, and this cmwature is carried to its 
maximum in Ateles and Lagothrix (Plate XIII. fig. 1). 

The crest of the ilium is generally thin, but more or less thickened at the points 
corresponding with the superior spinous processes of Man ; in him alone, however, is it 
thickened at a point some distance behind the anterior superior spinous pracess, a 
thickened tract extending thent© downwards to the acetabulum. In the lower Shniid© 
(which have short iliac crests compared to those of Simimse) these meets are genmally 
thicker relatively than in the latter. In the Cebid© they are somewhat thinner, but the 
thickening at the ends is much marked in most Lemuroidea, though in the Nycticehin© 
the very short crests are almost uniformly, as well as considerably, thickened. 

The ventral (or anterior) margin of the ilium in Man is very short, but it is generally 
elongated and straight, or very slightly concave. It is, however, soineliii©s strongly 
concave in Troglodytes and Simia, srill more so in Indris (Plate XHL %. 2), and 
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^aoirt ^wsys much, so in Lemur. It devdbpes a slight pomineiK^ sometimes in Hy- 
IWmtes i®d the lowest SSmiidm, which prominegnce be^mes much marked ia Mjcetai, 
Oallith^ Chrysothrix, and Hapafe. 

In certain Lemuroidea a peculiar tondition obtains, in that the part answering to the 
ventral {or anterior) margin of the Anthropoidea runs obliquely backwards and upwards 
{in Mmi it would be downwards and backwards) over what is the external surface of the 
ilium so as to form an oblique ridge outside that bone, and reaching to the anterior 
{in Man superior) margin of the acetabulum, or even to a point above (behind) that 
cavity. This is the case in Galago, the Nycticebinae (Plate fig. a), and Tarsixis, 

and an approach to the same condition is exhibited by Cheiromys. 

There is a distinct superior anterior spinous process of the ilium in Man ; but in no 
other primate is it so distinctly developed, but is represented only by the thickened 
end* of the crest of the iHum. In Indris and Lemur this is much produced in a direc- 
tion which in Man would be forwards (Plate XIII. fig. 2). 

The process of the ilium answering to the inferior , anterior spinous one of Man attains 
its maximum of development in Indiis, where it has a quite peculiar form (Plate XIII. 
fig. 2, s^,). Though sometimes indistinguishable, it is generally more or less marked 
throughout the order, especially in the Lemuroidea, except Tarsius and the Nyctice- 
binse, where it is minute or absent. Of all the Anthropoidea it is most marked in 
Man ; in the Simiidse it is little prominent, except in Cynocephalus, and in Ateles alone 
of the Cebidse. In the latter family it often, as is also the case in Hapale, appears to 
be fused with the prominence which in them, as has been said, projects from the 
ventral margin of the ilium. 

There is a distinct superior posterior spinous process in Man, but I have not found 
such iu any other Primate, it being represented, in all the rest of the order, only by the 
more or less thickened upper (posterior) end of the crest of the ilium. 

The part apswering to the inferior posterior spinous process of Man is very rarely so 
sharp and distinct as in himf, and never so approximated as in him to the spinous pro- 
cess in front of (in Man above) it, except in Loris, the proportion borne by the distance 
betw^n the processes to the length of the os innominatum taken at 100 being in Loris 
only 15’7 and in Man 17*7, while in the Gorilla it is 32*6, in the Chimpanzee 23*9, in the 
Orang 27*9 ; while in all the rest it is above 25, except in Tarsius, in which it is 23-9, 
and Nycticebus, where it is only 21*2. 

The extenml surface of the ilium is generally more or less cjoncave, and concave only. 
In Man, TrogWytes, and Simia, however, it is more or less convex, but m Man only is 
them that extendve anterior convexity and posterior concavity which determines the 
beautiful s%moid curvature of the crest. The gluteal lines I have found distinctly 
mark^ only in Man. 

* This is very thick sometiinea in Simia, as in fie specimen No. 3 c iu the British Museumv 

t I have ttaa process sharply marked in Cynocejialns, Ateles, Cebus, the JTj'ctipithedmc 

Hapale, Indris, Lemur, Galago, and Tarsius. 


2z2 
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This surface is most concave in Hylobates, the lowest Simiidee, the Cebinse, and 
Mycetes, less so in the other forms, and least of all in the Nycticebinae, Tamus, and 
Cheirom 5 "s, where there is either no external concavity at all, or only a very slight one 
near the crest of the ilium. 

In the Nycticebin®, Galago, and Tarsius, the part homologous with the outer 
surface of the ilium of the Anthropoidea becomes exceedingly small, as it forms only 
that part of the actual outer surface which is on the dorsal side of the oblique ridge, 
extending to the acetabulum, before mentioned (Plate XIII. %. 3, m). 

The internal surface of the ilium is generally narrow and flat, or only slightly concave. 
In none besides Man is it very wide, very concave, and directed entirely inwards. It is 
strongly concave in the Gorilla, however, and there is a very slight concavity in the Simiinae 
generally, and sometimes in Cynocephalus, the Cebin®, Mycetes, Hapale, and Indris. 
In the Nycticebin® and Tarsius this surface is actually convex, by reason of the pro- 
minent ilio-pectineal line ; but in Lemur, Galago, and Cheiromys the projecting spinous 
process near the acetabulum produces a concavity between that process and the ilio- 
pectineal line. 

In the lower Cebid® and Hapale the iliac fossa is extremely nanow. 

The wall of the true pelvis, formed by the ischium, is generally elongated and narrow, 
but in Man and the Nycticebin® (especially Loris) it is broad and short. 

The auricular surface generally extends nearly to the crest of the ilium, and is especially 
high in the Cebid®, the Nycticebin®, and Tarsius. It is more distant from it in Man, 
Troglodytes, and Simla, and very much so in Lemur and Indris. 

The ilio-pectineal line generally abuts against the first sacral vertebra, but sometimes 
against the second (as in Hylobates, Pithecia, and Chrysothrix), or between the two (as 
in some Cebid®). In certain forms a ridge continues on as far as the crest of the ilium, 
ending near the part answering to the anterior superior spinous process of Man. This 
ridge is very marked in Indris and Lemur ; and in Galago, the Nycticebin®, and Tarsius 
it forms, as has been said, the actual ventral margin of the ilium (Plate XIII. fig. 3). 

In Cebus the end of this ridge projects as a distinct and prominent process from the 
ventral end of the crest of the ilium, and a similar development is more or less marked 
in the lower Cebid® and in Hapale. 

The ileo-pectineal eminence is moderately marked in Man, as a rounded prominence. 
In Troglodytes it is sometimes absent, sometimes present as a distinct process, though 
more distant from the acetabulum, and nearer the symphysis, than in Man. In the 
Orang it is very large *, but in Hylobates there is only a slight ileo-pectineal prominence 
like that of Man. In the other Simiid® it is not marked, except rarely in Cyno- 
cephalus. 

In Mycetes there is sometimes a remarkable process, but it is not constantf , and in 

* This is perhaps rather the s^ine of the puhis than an ilio-peetineal eminence. 

t Present in the specimen in the Museum of the Eoyal College of Surens. That at the British Museum 
presents merely a trace of it. 
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the lower Cebidse {e. g. Pithecia, Nyctipithecus) this eminence resembles that of Man. 
In Indris there is a certain thickening near the inner end of the acetabulum * * * § ; but in 
Galago a distinct small process is developed near to, but separated firom, the spine of 
the pubis. In the Nycticebinse a sharp-edged, ridge-like prominence appears to ^answer 
to both the last-mentioned processes united. The ileo-pectineal eminence is absent, or 
'v&ry slightly marked in Lemur, but it is rather marked in Cheiromys f . 

The spine of the pubis is a less constant process. It is generally well developed in 
Man, but is indistinguishable in Troglodytes and Simla J. On the other hand, it is immense 
in the Siamang, and large in almost all Hylobates. In the lower Simiidae it is generally 
absent, and but very rnrely much developed and appears to be absent in the lower 
forms of the order, except that in Indris there is sometimes a minute process (quite 
close to the symphysis), and in Galago a distinct projection like a second ilio-pectineal 
eminence. 

The so-called horizontal ramus of the pubis has its anterior (in Man superior) surface 
very narrow, forming a sharp ridge, except in the Simiinae and Man. Of all Apes it is 
broadest and most flattened in the Gorilla, but never in that species it is so much so as is 
generally the case in Homo. 

The body of the pubis is relatively longer and more antero-posteriorly extended in 
the Simiid00 and some Cebidae than in Man and most Lemuroidea ; but in Loris it is 
at its maximum of development in the whole Order. 

The subpubic groove, which is generally so marked a feature in the human os inno- 
minatum, is very rarely present in any other form. It is distinct, however, in the Gorilla, 
Orang, and Siamang, and is slightly marked in other species of Hylobates. I have only 
observed it besides in Mycetes and Ingothrix. 

The ascending ramus of the ischium is very slender in many Lemuroidea, especially 
in Loris ; it is broader in Man and the Cebidae ; but in the Simiidae, especially in the 
Gorilla, Hylobates, and Cynocephalns, it becomes exceedingly broad, concave externally, 
and with an everted posterior (inferior of Man) margin. 

The tuberosity of the ischium is always a marked and more or less rugose enlargement 
of the bone ; but in the Simiidse below Simla it is flattened and very much developed, 
and so much everted that sometimes (in Cjmocephalus) its transverse exceeds its 
antero-posterior diameter. In Hylobates it is continued inwards almost to the sym- 
physis pubis. In Troglodytes and Simla it is much larger than in Man, but not 
flattened ; in the Cebidae and Lemuroidea it is small and more or less rounded, but 
in none, except some of the Nycticebinse, is it prolonged upwards near to the ace- 

* De Blaikville, ‘ OsteograpMe/ Lemur, p. 11, speaks of a large ileo-pectineal spine in Lemur ; but horn 
what he says of Indris (p. 22), he evidently means the process corresponding to the anterior inferior spinous 
process of Man. 

t OwEK, Trans. Zool. Soc,, voL v. p. 53, and pi. 21, figs. 19 & 20. 

t Unless what has been qwken of as an ilio-pectineal eminence be really the spine of the pubis. 

§ As in the sperimen No. 4720 in the Osteological Collection of the Royal College of Surges®, 
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telHiltiHi aad spue of the isehittm as in Man, I^ris esp^kllf resemMing the human 
structure in this. Q£ all the <rther Anthropoidea, Lagothrix p^haps makes the nearest 
apptmdi to Man and Loris as to the tuberosity of the iseMum (Plate XIII. fig. 1). 

Tim ^ine <rf Hie ^hium is generally very small yet distinct. In European Man it 
preseats a dein^opment much greater than that existing in any other Primate, though 
sometimes the Orang rivals certain of the inferior races of mankind in this re^ct, Tt 
is never m 8hm* * * § p a process, however, as it always is in Man. In Mycetes and Nycti- 
pitheci® tihe spine of the ischium is hardly distinguishable. 

The great « 3 iatic notch is never very deep and concave, except in Man. Of all besides, 
it is mc^ concave in the Gorilla, Orang, and Cynocephalus. It is rather strongly so 
also in Indris. 

The lesser sciatic notch is generally represented by a margin which is so slightly 
ooncave as to be almost or quite sti-aight, or even, as sometimes in Cynocephalus*, 
slightly convex ; though in the lower Simiidae a concavity is often occasioned by the 
eversion of the tuberosity. The projection of the spine of the ischium produces in Man 
a deep notch such as exists in no other Primate. 

The acetabulum presents no very marked differences, but it is at its maximum of 
relative as well as absolute size in Man, Troglodytes, and Simla. It is largest and 
deepest, especially at the dorsal and towards the ventral side, in Man. In some of the 
Cebidae (e. g. Ateles, Lagothrix, Mycetes, Pithecia, and CalKthrix) it is very shallow, 
and it is so besides in Indris. In all species it is deepest at the part corresponding with 
the upper wall of Man. 

The cotyloid notch and the excavation continuous with it are constantly present 
throughout the order, even in Simla f (where there is no ligamentum teres)^ though 
very small and narrow in that genus. In those skeletons of the Gorilla in which I have 
seen no trace of a depression for the round ligament on the head of the femur, the 
inner surface of the acetabulum is as usual J, or is but little less marked The notch 
is narrow in Ateles, but in Nycticebus it is sometimes relatively enormous (|. 

The general contour of the outer margin of the ischium, when the pelvis is viewed in 
Trout, is almost always more or less strongly concave. It is most so in the Gk>rilla and 
lowest Simiidae, but very little so in Ateles, less in Lagothrix, and still less in the Nycti- 
cehinae ; in Loris and Nycticebns, as in Man, being positively convex from the pro- 
longation upwards of the tuberosity. 

In aH the Anthropoidea, except the Simiinae % about two-thirds of the acetabulum 
are visible when the outer surface of the ilium is looked at, but in the Simiinae it is only 

* E. g. No. 4719 in the Osteological Collection of the Koyal College of Surgeons. 

t Its prince in the Orang has been noticed hy Mr, Johbf Wood (Todd’s Cyelopsedia, vot v. p. 153). 

7 See hi 0 . 5179 a. College of Surgeons Museum. 

§ See No. 5179 n. College of Surgeons Museum. 

II See Nyeticebus jaYanicus in British Museum, 

^ This c5onffition iu Troglodytes is noticed hy PrMcssor (Trans. Zool, Soe. vol. v, p. 14). 
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in profile. Ik the Ikmurtndea more of the aceti^nlnin is mible than even in any 
of the Aathropoidea, if tiie whole of the actual outer surface of the iliuin be in view. 

The number of vertebne with which the ilium articulates varies firom one to four. 
Two is the usual number ; but in Man, Troglodytes, Hylobates, Cynoc^halus, ilteles, 
and Lemur four sometimes so unite. 

The olkurator foramen offers no very definite characters, but varies greatly from indi- 
vidual to individual. It is of great relative size, however, in Loris and Nycticebus. 

The pubic symphysis forms an angle with the spinal column, open towmds the head, 
not only in Man, but also in the Siamang, where it is about 43®. The pubis also appears 
sometimes to form a similar but smaller angle (about 26° or 30°) in Cjoiocepbalus. 

The brim of the pelvis is generally broadest between the acetabula. Sometimes in the 
Cebidse it is so below those cavities, but only in Man, and not always in him is the out- 
line of the brim heart-shaped. 

The breadth of the true pelvis, as compared with the length of the spinal column, is 
greatest in Man and the Simiina3 (from 19*6 to 16 as compared with 100), In the rest 
the proportion is above 8 to 100, except in Pithecia, 7*5, and Loris, in which it is 
smallest, namely, only as 6*7 to 100. 

The inferior outlet of the pelvis in Man is verj^ small as compared with other Primates, 
from the relatively forward position of the sacrum *. Its height is in gieatest exce^ in 
proportion to its breadth in the NycticebinaB, especially in Loris. 

Femfb. 

Throughout the order the femur has a great general resemblance to that of Man. 

As regards absolute size, its length is considerably greater in Man than in even the 
largest of the Apes ; but both in the transverse and antero-posterior diameters of the 
shaft near its middle, as well as in the width between the supracondyloid prominences, 
the GoiiUa exceeds him. 

The Imigth of the femur, as compared with that of the ^ine, is far greatest in Tarsius, 
namely, ^ 81*9 to 100, The proportion is next greatest in Hylobates, about 67*8 ; tben 
in Man, 64*9 ; Ateles, 61*4 ; and the Gorilla, 64*0. The other forms are between the 
last-mentioned proportion and that of 40 to 100, except Lemur and Hapale, which are 
a little less, and Ai'ctocebus and Perodicticus, in wkich it is under 34*0 to 100. 

The proportion of the length of the femur to that of the humerus is again far greatest 
in Tarsius, the first being more than double the second. Indris follows, and then Galago, 
in both of which, especially the former, the length of the femur is considerably more 
than once and a half tiiat of the humerus. In some Semnopithecinse and in Lemur 
it is but little less than as one and a half to one, and in Man about as 138*0 to 100. 
In all the rest it varies between the lastimentioned proportion and that of Loris (113*3 
to 100), except in the Simiinie, in aU of which the femur is shorter than the humeru^ 
and most so in the Orang. 

* Wood, he. eit. p. 152. 
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The proportion borne by the transrerse diameter of the femur to its lengA is far 
gr^test in fbe Goiilla^ where it is more than a tenth, and but little less in the Chim- 
panzee and Orang. In the rest it is as much as one-twentieth, except sometimes in 
Hylobates, and in Tarsius. 

The shaft of the femur is very often almost completely straight, as in Hylobates 
generally, and in most Cebidae and Lemuroidea. It is decidedly curved, with the con- 
cavity backwards, in Man, Troglodytes, the lower Simiidse, and sometimes in Hapale. 

It is slightly curved, with the concavity forwards, in the Nycticebinse, and sometimes 
in Lemur. 

In all the Anthropoidea, except Hylobates, a straight line cannot be drawn from the 
most prominent point of the great (peroneal) trochanter to that of the condyles without 
cutting or meeting the front surface of the shaft ; but in all the Lemuroidea this can 
easily be done. 

The lateral expansion of the shaft downw'ards takes place gradually in the Gorilla and 
generally in Hylobates, in Mycetes (Plate XIII. fig. 4), the Pitheciinse, Nyctipithecus, Cal- 
lithrix, sometimes in Lemur and in Loris. It takes place suddenly in Man, the Chim- 
panzee, and mostly so in the lower Simiidae ; but it does so to a marked degree in In- 
dris. Galago, Arctocebus, Perodicticus, andTarsius. 

The shaft is especially angular in Man, the linea aspera being so prominent in none 
others as in him. Nevertheless the shaft is decidedly angular in Cynocephalus, and 
sometimes in Lemur. The linea aspera is also very distinct sometimes in Hylobates^ 
and the lower Simiidse as a longitudinal median groove bounded by two raised lips ; these 
are very distinct also in Ateles and Mycetes. 

The shaft is sometimes much compressed antero-posteriorly in the Gorilla and Orang, 
also in Mycetes and the Pitheciinae. In Tarsius it is laterally compressed. 

In the other genera it is more or less completely cylindrical. 

The ridges, which in Man proceed from the linea cLspera to the condyles, are rarely 
much marked in other species. That going to the inner condyle, which is moderate but 
distinct in Man, Cynocephalus, and Mycetes, is very faint or absent in all others. The 
branch going to the external condyle, which in Man is very prominent, is so in no 
other Primate, but almost or quite disappears, except in Troglodytes and Cjmoce- 
phalus. 

The neck of the femur is especially long and well defined in Man and the Simiinee, 
but least so of these in the Gorilla. It is particularly short in Hapale and the Le- 
muroidea, especially in Indris, Galago, the Nycticebinse, and Tarsius. 

The great (peroneal) trochanter is generally pointed at its upper end, but in Man and 
the Simiinse, Mycetes and Perodicticus, I have found it truncated. It is smaller in Ateles 
than in most other Anthropoidea, but it is particularly small in Galago and the Nyctice- 
binae. Its extremity often projects forwards, especially in Hylobates, Cebus, Hapale, 
lemur, Perodicticus, and Tarsius. It sometimes rises higher than the summit of the head 
* E. g. Xo. 5026 in fhe Mxisenin of the Eoyal College of Surgeons. 
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of 03€ femur in the Gorilla, and generally does so to a sHght extent in the lower 
Simiidse, though sometimes it is not quite so high as that summit. It rises .considerably 
above it in Indris and Lemur. It does not reach it by a considerable interval in Man, 
the Orang, sometimes in Hylobates, and in Ateles. ' 

It generally projects outwards beyond the general external margin of the shaft of the 
femur, but it does not do so in the Gorilla, Ateles, and Lagothrix, nor in Arctocebus, 
nor, sometimes, in Hylobates and Loris. 

The external margin of the peroneal trochanter more or less blends with a marked 
gluteal ridge in Man and the lower Simiidae and most Cebidse. In Hapale this ridge is 
very prominent, as also in Lemur, Galago, and Tarsius, in the three last developing a 
third trochanter. 

In all the Lemuroidea, except sometimes in the Nycticebinse, there is at least a trace 
of a third trochanter, and such a process is even rarely present in Hylobates ♦. 

In Troglodytes and Simia there is often a marked concavity at this part. 

The trochanteric fossa, which is rather shallow in Man, is particularly so in the 
Gorilla and Perodicticus. In the other forms it is deep, and in the Anthropoidea, is 
generally deeper relatively in the other genera of the suborder than in Homo. 
In the Lemuroidea it is small, especially in Galago, Arctocebus, Perodicticus, and 
Tarsius. 

The lesser (tibial) trochanter is at its minimum of relative size in Man and the 
Simiinae, except that sometimes in Hylobates it becomes very prominent f . In Hapale 
it is larger, relatively, than in any other of the Anthropoidea. In the Lemuroidea it is 
always very large, even sometimes exceeding in extent the peroneal trochanter. This is 
the case in the Nycticebinae J, especially in Perodicticus and Arctocebus, where it is a 
large plate-Hke process, and attains the maximum of relative size in the whole order. 

In the Anthropoidea this process is always at a greater distance from the head of the 
bone than in the Lemuroidea, and it is most approximated to it of all in Loris. 

I have found only the anterior intertrochanteric line strongly marked in Man and the 
lowest Simiidee, but it is faintly indicated sometimes in Chrysothrix, Indris, Lemur, Ga- 
lago, Loris, and Tarsius. 

The posterior intertrochanteric line is most prominent in the lower Simiidse, then in 
Man and the Orang, and then in the other Simiinse. 

In Hapale the posterior surface of the femur between the trochanters is wide and flat 
(PI. XIII. fig. 6), presenting an appearance existing in no other genus of the Anthro- 
poidea, but very like that of all the Lemuroidea, where this large flat or concave surface 
serves for the extensive insertion of the quadratus feinoris muscle. 

The head of the femur is of a remarkably large relative size in the Orang, and it is 
also large in Indris. Sometimes, instead of being rounded, it is peculiarly compressed 

* E. g. No. 5026 in tiie Mnseum of the Itoyal College of Surgeons, 
t E, g. Nos. 5027 and 6027 a in the same museum, 
t Db BixnmLiJEi remarks its great size Q. c, p. 16). 
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tmttgyers^y. Tkm is case m the Hycticebiiiffi, especially m Nycticehi^, stHae^ 
what m in ^arsim 

Ihe head h ^^eh amhued forwards ia the Skmang, and in la&k aiw^, thot]^h to 
a less extent; sometimes it is much so in Oynocephalns and ia ; 

The pit for the inserticm of the ligammimm term is always pc^mt ^©ept in the 
Ormag (in which it is almost constantly absent)*, and sometime in the Cbrilto. f . It 
is larger and deeper relatively in the lower SimiidsB than in Man, and it m laa^ 
in Atd^. On. the other hand, it is small in Indris and Lemur; and there is hnt 
a faint imhcation of it in Perodicticns, though it is large in Arctocebus and enormous in 
]Sycti<kbus. 

The condyles are prolonged backwards about equally in Man, and are nearly ^ual Is 
si2e, and in most forms the outer one is hnt little smaller or le^ prolonged backwards 
than the inner one. In the Simiinse, however (especially the Gorilla and Hylobates), as 
also in Ateles, Lagothrix, Indris, Arctocebus, Perodicticns, Cheiromys, and sometimes in 
Lemur, the internal condyle projects considerably further backwards than does the ex- 
ternal one. 

Supracondyloid prominences are more or less strongly and sharply marked in Mas 
and the Simiinee They are less so (except perhaps in some of the higher and larger 
Cebidge) in the other Anthropoidea, and in the Lemuroidea ; it is only in the Nyctice- 
hinse that they become rather prominent and pointed. 

In Tarsius the femur is exceptionally narrow at this part. 

The intercondyloid space behind is especially wide in the Simimse and Pitheciinse, and 
rather much so in Loris and Perodicticns. It is sometimes very shallow, as in Ateles. 

The rotular surface is generally moderately concave £:om side to side, and is especially 
shallow in the Simiinae and Nycticebinae. It becomes deeper in Man and in most An- 
thropoidea, but in the Lemuroidea this deepening is carried much further, especially in 
Tarsius. . The parts of this surface supported by the two condyles respectively are almost 
always pretty nearly of the same size ; in Man alone the part supported by the external 
condyle has a great predominance over the other. In the Lemuroidea, other than the 
Nycticebinae, however, the external margin of the rotular depression projects much 
more than does the internal one, especially in Indris. 

The depression serving for the origin of the plantans muscle is, as far as I have been 
able to observe, deepest in the Chimpanzee and sometimes in Hylobates. In the other 
Anthropoidea it is only slightly marked, and in the Nycticebinae is altogether absmt§. 

* I find in the skeleton of an Orang, Ho. Si in the Osteologieal Collection of the British Museum, that each 
femur exhibits a small but distinct impression on its head, in the place occupied in othea* genera hy the pat for 
the round li^ment. See Tiudb. Zool, Soe. vel. vi. pi. xl. fig. 7 L 

• t H, in the femora of the skeletons Hos. 5179 a and 5179 b in the Museum of the Boyal College of 
Surgeons. 

+ In Man the inner one is the laap;er, in Tra^odytes the outer one. See OwEsr, Trans Zool. Soc. pp. 14-18, 
and pi. 7. figs, 1, 4, 6. 

§ Themuscle itself being absent (Proc.Zod.Soc. 1865, p. 251). 
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lie fttt for tb© tendom of fee fopUtms is gmemlly maa-ked^ mA k deep in Troglo- 
dyte, Simia, Cynocephalus, and Man; also in Atele, Mycetes, Cehns, amd Hapale. It 
is T^ry dep Mid ki^ m fee NyeticebinsB, and appears to attain its relative maximum, 
in Hyeticebns. ' 

The depreasion for fee internal kteral ligament seems less marked in Man than in the 
other Anthropoidea. Of fee Lenraroidea I have feimd it very marked in Perodicticns 
and deep in Lemur. 

The angle formed by the neck of fee femur wife its shaft varies from about IS 5° 
(Simia) to 128° (fee Gorilk) or 125° (Indris), 

The angle formed by fee shaft of the femur wife a horizontal surface on which both 
condyles are made to rest, varies from about 103° in Man to about 90° in fee Chim- 
panzee. This angle measures the descent of fee irmer condyle beyond fee outer one, 
which is greatest in Man, though very considerable in others, as, e. g.^ Kunetimes in 
Cynocephalus, and especially Ateles *. 


Tibia. 

In fee whole of the Primates the tibia is an elongated bone, considerably enkrged 
at its proximal end, and less so at its distal extremity. 

Except in the genus Tarsius, it never anchyloses with the fibula. 

There is generally a distinct tubercle giving attachment to fee ligament of the pa- 
telk, and fee external (peroneal) surface of the bone is almost always more or less ex- 
cavated for the reception of fee tibialis anticm muscle. 

The posterior surface of the lower end of fee bone has g^neiuUy two distinct grooves, 
one for fee passage of the tendons of fee tibialis postims and flexor hngus digitorum 
muscles, fee other for feat of the flexor longus hallucis. 

The tibia has the greatest absolute length in Man, to wliom the Gorilla in this respect 
succeeds, but the breadth between fee tuberosities is greatest in that Ape, Man being 
onl^ second. 

The length of the tibia (measured to fee extremity of the malleolus), compared with 
feat of the spine, varies &om more than four-fifths, as in Tarsius, to scarcely more than 
three-tenths, as in Perodicticns and Arctocebus. In most, however, it is between two- 
fiffes and one-half the length of fee spine. 

Its length is generally a little less than feat of fee femur, but it sometimes slightly 
exceeds it. In Cynocephalus, Troglodytes, and Nycticebus it is decidedly shorter, being 
to fee femur in length as less than 85 to 100 ; but only in Man does the proportion fidl 
so low as 80*5 to 100. 

The length of fee tibia, as compared wife feat of fee humerus, is gi-eatest in Taimus, 
where it is more than twice as Icmg, and then in Indris and Galago, where it is more 
than, or almost as much as, once and a half as long. In all, fee femur’s length ex- 
ceeds feat of fee humerus, except in Mycetes, Ateles, Lagothrix, and fee Simiinse, being 
* See the specimen Jio. 4708 in the Osteological Colleetion, of the Royal College of Surgeonsi 
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least of aH in the Omig, where the length of the femur is less than seven-tenths of 
that of the hnmmis. 

Ihe proportion in length borne by the tibia to the radius is greatest, again, in Tardus, 
viz. as 163-8 to 100. In Hapale it is as about 158*6, in Man about 150*5 to 100, 
and in Callithrix as 149*1. In all the rest the length of the former bone is in excess, 
or the two are equal, except sometimes in Cynocephalus, and in Ateles and the 
Simiinffi. 

The breadth between the tuberosities, compared with the extreme length of the tibia, 
varies Horn about 28-5 to 100, as in the Gorilla, to only 9*8 to 100, as in Tarsius. 

The antero-posterior diameter of the shaft also, compared with the length of the bone, 
varies from about 14*6 to 100 in the Gorilla, to about 6 to 100 in Loris. 

The tibia is most laterally compressed in Tarsius, most cylindrical in Loris. It is most 
massive in Troglodytes and Simla. 

The tubercle of the tibia is more distinctly prominent in Man than in other Primates. 
It is situated higher up, as regards the rest of the bone, in him than in any other of the 
Anthropoidea. In Indris it is as high up as in Man, and in Tarsius it is still Iiighei*. 

The smooth surface above the rough projection of the tubercle is larger in the Simiin® 
than in Man. 

The tuberosities project out considerably on each side, except in Tarsius ; and in most 
Primates the peroneal one projects outwards more strongly than it does in Man. 
A process is sometimes developed above the surface for the tibialis anticus^ and pro- 
jects sharply outwards. This is well seen in the Lemuroidea, except Tarsius, and is 
visible also in Mycetes. The amount of projection of the inner tuberosity varies but 
little, except that in Tarsius it is very slight. 

The articular facets for the condyles of the femur rarely occupy the summit of the 
tibia so completely as in Man. 

The outer facet is always decidedly convex antero-posteriorly, except in Ateles, Logo- 
thrix, Indris, and Man, where it is flat or slightly concave antero-posteriorly. 

The inner facet is almost always concave antero-posteriorly as well as transversely, but 
it is almost quite flat in Indris, while sometimes in the Lemuroidea (e. g. Galago and 
Perodicticus) its posterior part inclines strongly downwards. 

The spine is always of moderate height, much as in Man, but is longest relatively per- 
haps in Indris. 

The peroneal surface of the shaft is often much excavated for the tiUalis anticiis, and 
most so in Lemur, 

The crest of the tibia is sometimes very prominent, as in Tarsius, Man, Lemur, and 
Indris. It is generally much sharper, however, in Man than in any other Primate. 

The shaft of the tibia may be straight or variously curved. It is straight, or almost 
so, in Man, Lagothrix, Pithecia, Indris, and more or less so in Ateles and the Orang, 
It is considerably curved, convex forwards, in the Gorilla, the lower Simiidse, and 
Lemur, 
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It is rather conyex outwards in the Nycticebinae, Sometimes there is a sigmoid 
vertical curvature, as in Nyctipithecus, Hapale, Indris, Gralago, and Tardus. 

The ridge for the popUteus is very rarely distinguishable in any Anthropoidea except 
«Man. In the Lemuroidea there is generally a marked vertical ridge at the upper part 
of the posterior surface of the tibia. This appears to attain its maximum in Arctocebus 
and Perodicticus. 

The ridge for the interosseus membrane, which is so strongly marked in Man, is not 
distinct in the SimiinEe or higher Cebidse, but it is more so in other Simiidee and Cebidee, 
and in Hapale. Sometimes in Lemur it is strongly marked, but not in any of the 
Nycticebinse. 

The malleolus is generally well developed, but sometimes, as in the Orang, very 
short. It is long in Cynocephalus, Lemur, Galago, and Cheiromys, and in some 
(the Nycticebiiiee) it is much pointed, incurved, and antero-posteriorly compressed, with 
its articular surface very convex. Moreover, it seems rather to spring from the front 
than firom the inner side of the shaft of the tibia, as is very well seen in Perodicticus, 

The articular surface of the malleolus is sometimes nearly at right angles with the in- 
ferior surface of the shaft of the tibia, as in Man, the Chimpanzee, and the lower An- 
thropoidea ; sometimes it forms an obtuse angle with that surface, as in the Gorilla, and 
still more in the Orang. 

A groove for the tendon of the tihialis posticus marks the back of the malleolus; this 
attains its maximum of enclosure and relative depth in the Nycticebinse, where the por- 
tion of bone which separates it from the (also strongly, though less marked) groove for 
the flexor lomjus hallacis has the appearance of a prominent process. 

The distal articular surface of the shaft of the tibia is horizontal transversely in Man, 
Ateles, and Lagothrix. In the Simiidae and lower Cebid® the outer portion rises so that 
the articular surface slopes upwards and peronead ; and this is still more the case in the 
Lemuroidea. 

As regards the anterior and posterior margins of this articular surface, they descend 
in general about equally ; but in some Cebidae {e. g. CaUithrix) and Lemuroidea [e, g. 
Lemur, Galago, Tarsius) the anterior border descends a little further than does the pos- 
terior one. On the other hand, the posterior margin descends considerably more than 
does the anterior one in Man, and might be supposed to do so in the Nycticebinae, on 
account of the projection in the latter of the process of bone separating the grooves for 
the flexor tendons. 

This inferior articular surface is generally subquadrate with a median antero-posteriorly 
directed prominence. In the Lemuroidea it tends to approach a triangular form, and 
the prominence in the Nycticebinse (e. g. Loris) becomes very large. 

The pit for the insertion of the tendon of the semi-men^hranosus is generally distinct, 
but often slight, as generally in Lemuroidea, though in Arctocebus it is very strongly 
marked. It is only in Indris that 1 have observed a tubercle projecting downwards 
immediately beneath it. 
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. So cliamdasis appear to exist as to the meduli^ foramisa, which ace one or 

two in numW, Mar tiie. middle or upper part of the back of the shaft, on the peroned 
side of the bone. The artery always enters from above downwards. 

The Patella. 

This bone offers few marked or constant noteworthy characters. 

It is generally oval, but is rounder and relatively thicker in the Goiffla ftian in Man ; 
it is very small and round in the Orang. 

It is longer and narrower in Mycetes than in most other Anthropoide^ but it attains 
its maximum of relative length in Indris, where it tapers downwards, and is so bent that 
the upper and lower halves of its outer (anterior) surface form together an argle which 
sometimes approaches 90°. 

It is long also in Lemur and Cheiromys*, but it is small in the Nycticebinae and 
Tai'sius. 

Fibula. 

This bone is always distinct from the tibia, except in Tarsius, where its lower half 
anchyloses with the tibia, which thus appears to furnish both the malleoli. 

Its length varies with that of the tibia ; and it is always very mudi more slender than 
that bone, especially in Man, Ateles, Hylobates, Indris, and Microrhyndius f. 

Tlie fibula is generally nearly straight, but curves slightly in one direction or in an- 
other. In Man it is very decidedly concave forwards, and a similar curvature, though 
less marked, exists in the lower Simiidae, Pithecia, and Loris. I have obser^’^ed it 
convex forwards in the Orang, Ateles, Mycetes, Indris, Lemur, and Galago, and 
convex outwards in Hylobates, Chiy^sothrix, Indris, and Lemur. But there is, I 
believe, but little constancy in this chai’acter. 

The outer side of the head of the fibula may be convex, flat, or dightly or deeply 
concave, and the articular surface for the tuberosity of the tibia may also be flat or 
sli^tly or strongly concave. The head of the fibula is much expanded in the Nyctice- 
binse, and articulates with the tibia by an antero-posteriorly elongated groove. 

The malleolus is generally much produced outwards, and projects about as much as, 
or rather less than, the tibial malleolus, except in Man, in whom alone the external 
(or peroneal) one is much deeper than the internal malleolus. 

The under surface of the malleolus has generally a more or less marked fossa, but the 
presence and size of this are very irregular and inconstant. The malleolus is often 
grooved behind for the tendons of the peronei muscles, especially in Nycticebus. 

The lower articular surface for the tibia varies but slightly in extent. 

The fossae, which more or less excavate the surface of the fibula, and the ridges which 
divide them, are in no Primate developed to such a degree as they genemlly are in Man. 
Yet Simia, the Gorilla, and Cynocephalus approach him rather nearly in this respect 

* OwBir, Trans, Zool. Soe. vol. y. pi. 19. 
tf Proc. Zool. Soc. 18G6, p. 165. 
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Often, in small spedes espec^^, tkare are no distinctly maiiied fo^ee, knt Tery geiae* 
rally there is a depression, on the dde towards the mimmit, which somdtimeB (^in 
Oalago mid Perodicticns) extends down. 

Very generally there is an anterior ridge, and often a posterior or external one 
also. 

Pes. 

The absolute length of this segment is greatest in the Orang and Gorilla, then in Man, 
and afterwards in Hie Chimpanzee. In Indris and some other lower Simiidae it is abso- 
lutely longer than in Hylobates, except the Siamang. 

The proportion home by the whole length of the pes to that of the spine is fax 
greatest in Tarsius, where the first is more than four-fifths of the latter. In Cheiromys, 
Ateles, Simla, and Galago, the length of the pes is more than half that of the spine. 
All the rest exceed the proportion home by Man (which is about 35*4 to 100), except 
Lemur and the Nycticehinas. In Cynocephalns, however, the proportion is almost the 
same as in Man. 

The length of the pes, as compared with that of the rest of the pelvic limb, is greater 
in Simia, Cheiromys, and Tarsius, where the first is decidedly more than half the 
second. In Galago, Hapale, and Nyctipithecus it is about half; in the rest it is be- 
tween this and two-fifths, except in Hylobates, sometimes in Cynocephalns, and 
in Man. 

The proportion borne by it to the tibia is greatest in Simia, where it is more than 
one-fifth longer than the latter. It approaches this proportion in Cheiromys, and the 
pes is considerably longer than the tibia in Galago and Tarsius also. In all the rest 
the pes is more than four-fifths of the length of that bone, except in Hylobates, the Nyc- 
ticebinee, and Man. 

The length of the pes, compared with that of the manus, is far greatest in Ohrysothrix 
and Galago ; the rest are intermediate between the latter genus and Ateles (where the 
proportion is as about 113*6 to 100), except the Chimpanzee, Cheiromys, and, last and 
least, Hylobates. In these alone, and not always in the Chimpanzee, is the pes 
shorter than the manus. 

Taesus, 

The absolute length of the tarsus of Man exceeds that of every other Primate, 
though that of the Gorilla approaches his very nearly. 

Its '.length in proportion to the spine is far greatest in Tarsius, where it almost 
equals two-fifths of the length of the latter. In Gblago it is nearly one quarter ; then 
follow Cheiromys, Man, and the Gorilla, where it is more than three-twentieths. The 
xest vary between this and one-twentieth (which Indris, Lemur, and Loris scarcely 
exceed), except Arctocebns, 

The length of the tarsus, as compared with that of the entire pes, is greatest in Galago, 
and then in Man and Tarsius, in all of which the first is between one-half and two-fifths 
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of the latter * In the rest the proportion is less, but ds still above 3 to 10, except in 
Mycetes, Hapale, Hylobates, Indris, Ateles, and Simla. 

The length of the tarsus, as compared with that of the carpus, is far greatest in Tarsius 
and Galago. It is least in Simla, Arctocebus, and Hylobates. 

The tarsus, besides sesamoids, always consists of seven bones only, except that, 
according to Vak Campen f , an extra ossicle is developed in the transverse ligament 
enclosing the flexor tendons. 

The tarsal bones almost always form an arch, both antero-posteriorly and trans- 
versely, but only in Man is the former so extended that the distal ends of the inner 
metatarsals form the anterior point of support. It must be remembered, however, that 
in him this is only the case as regards the tibial, or inner side of the foot. The fifth 
metatarsal is applied to the ground at its proximal end ; and thus Man, like the lower 
Primates, puts the outer part of the tarsus and metatarsus to the ground 

The transverse arch is very marked in aU Anthropoidea, it is less so in some of the 
other suborders. 

Os Calais . — ^The calcaneum is absolutely longest in the Gorilla §, but it is nearly as 
long in Man. 

Its length in proportion to that of the spine is far greatest in Tarsius, namely, as 
36’4 to 100 ; then in Galago, where it is just under one-fifth of the length of the spinal 
column ; and then in the Gorilla and Man, where it is a little more than one-tenth. In 
the rest it varies between this proportion and one-twentieth, which is about that of 
Perodicticus and Arctocebus, 

The tuberosity at its extremity is generally produced upwards or downwards, or both. 
It is produced both upwards and dowmwards in the Chimpanzee, Orang, Ateles, Lago- 
thrix, and Mycetes, and more or less so in Arctocebus and Perodicticus. It is produced 
downwards only in the Gorilla and Loris, upwards only in the lower Simiidse and Ce- 
bidee, Hapale, Indris, and Lemur. 

It (the tuberosity) is broadest at its plantar end in Man, and sometimes in the 
Gorilla ; generally it is so at its middle, as in Simla and Ateles, or towards its upper 
end, as in the lower Simiidse. In Hylobates it is sometimes as broad below as above. 

In Man and the Gorilla the tuberosity is convex behind ; it is concave in the Giim- 
panzee and in Hylobates ; and in most of the forms below that genus it is vertically 
grooved behind. This is not the case, however, in the ISycticebinse. 

* Dr. Ltjcae estimates the tarsus by measuring it in front of the articular surface for the tibia, while I 
employ its extreme length from the tuberosity of the os calcis to the distal margin of the ecto-cunciforme. 
Hence there are necessarily discrepancies between the results obtained by us. 

t See ‘ Yerhandelingen dor Eoninklijke Akademie ran "Weteuschappen.’ Zevende 33eel, 1859, p. 21, and 
plate 1. fig. 8^. 

X Professor Huxley has called attention to this fact in his lectures at the Government School of Min^; and 
Mr. Hexet Hakcocx, in his lectures on the anatomy and snrgery of the foot, remarks, The external margin, 
in standing, rests for the most part on the ground” (Lancet for June 1866, vol. xxiii. p. 618). 

§ Professor Owex remarks that it is longer than in Man (Comp. Anat, of Tertehratc^, vol. ii. p. 550). 
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la aoae is the long axis of the heel, or are the peroneal and tibial surfaces of the 
os calcis so Tertical as they are in Man, but the bone is generally twisted, so 
that the mstmtaculwm taU forms a more or less acute angle with the long ^axis of 
the tuberosity ; in Man, however, it is a rectangle. This twisting of the os calcis is 
very slight in the Orang and Pithecia, and not great in Ateles and Hylobates. It is more 
marked in the lower Simiidae, and considerably more so still in Troglodytes. Amongst 
the Lemuroidea it is less so in Tarsius, Cheiromys, and Indris than in others, but it 
reaches its maximum in the Nycticebinse, where, in Perodicticus, the sustentaculum tali 
is almost, if not quite parallel with the long axis of the tuberosity. 

Concomitantly with this intwisting, the part answering to the inner face of the 
human calcaneum generally becomes more concave (though scarcely if at all more so in 
the Gorilla than in Man), reaching its maximum in Loris, where the tuberosity bends 
round and meets the posterior margin of the astragalus. 

Again, a narrowing of the part which answers to the plantar surface of Man, also 
accompanies this intwisting. This part, indeed, becomes reduced to a nari'ow ridge by 
the approximation below of the inner and outer surfaces of the os calcis, and even in the 
Gorilla it is considerably narrower than in Man 

The antero-posterior concarity of this plantar surface is very great in Troglodytes, 
being in both species greater than in Manf (Plate XIII. tig. 6), as also in the 
Nycticebinse. On the other hand, in the lower Simiidae and Cebidae, Hapale, Indris, 
and Lemur, this surface is generally almost or quite level antero-posteriorly. 

The length of the tuberosity behind the posterior margin of the posterior articular 
surface for the astragalus, is much longer than that surface in the GorUla (Plate XIII. 
fig. 6), often so in the lower Simiidae, and sometimes in Cebus, very slightly so in 
Perodicticus, and perhaps also in Tarsius J. 

In Man the tuberosity about equals, or rather exceeds the same posterior articular 
surface, but never (except perhaps in some Xegroes) equals the predominance attained 
in the Gorilla, where the part behind the posterior surface for the astragalus exceeds 
in length all the bone anterior to the hinder border of that posterior articular surface, 
and in this respect the Gorilla may be said to have the longest heel of any Primate 
(Plate XIII. fig. G). 

In the Galago the part behind this posterior surface for the astragalus about equals 
in length the antero-posterior dimension of that surface. In forms other than 
those before mentioned, it falls short of it ; in Simla it is only half of it, and in Loris 
even much less than that. 

The length of the heel behind the posterior articular surface for the astragalus 

* But in tlic Goiilla, as Professor HrxtET observes, “ the ealcanemn retains its narrowness and the single 
tuhercle’’ (Medical Times, voL i, p. 537). The two plantar tubercles of the plantar surface of the os calcis 
are only found distinct in Man. 

t Its greater concavity is noticed by Professor Owex (Comp, Anat. of Tertcbrates, vol. ii, p. 550). 

t See Buemeisxbb.’s ‘ Tarsius,’ pL 1. 
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exceeds that of the part of the os calcis altogether in front of that jmsterior articular 
surface, slightly in the Chimpanzee, greatly in Man; and in the Gorilla tiie is 
more than double that of the second. The two jmrts are abont equal in lesigth in Pcto- 
dicticus ; but in aE the rest of the order the first Mk short of the second, especially 
in Indris, and immensely so, of coume, in Galago and Tarsius. 

The length of that part of the os calcis which is in front of the posterior articular 
surface for the astragalus falls very short of the antero-posterior diameter of that surface 
(less than half) in the Gorilla. It also falls short of it, though not to such an extent, 
in Man, the Chimpanzee, Simia, and Hylobates. 

Of the other forms it about equals it in the Nycticebmse ; in the rest it exceeds it, 
greatly so in Indris, and immensely so in Gklago and Tarsius. 

The outer surface of the os calcis has generally one or two peroneal tubercles, but in 
the Gorilla^, and sometimes in the Chimpanzee, a very deep groove passes antero- 
posteriorly above one of them (Plate XIII. fig. 6). 

The articular surfaces for the astragalus are generally more nearly equal in size in 
other Primates than in Man, and in the Lemuroidea the anterior one is often the laiger. 
The posterior one is less convex, and the two are divided by a relatively wider groove in 
the lower Anthropoidea than in Man and the Gorilla. 

The surface for the cuboides is generally much wider than the posterior articular 
surface for the astragalus ; it is not so, however, in the Gorilla and Man, in which 
forms also it is less concave than in the others. It is very concave in the Nyctice- 
hinsB, Galago, and Tarsius. 

Astragalus . — ^The head of the astragalus is generally united to the body of the bone 
by a tolerably long neck. This is very short, however, in Man, sl%htly more so in the 
Chimpanzee ; and the bone has the minimum of length to breadth in the Gorilla f 
(Plate XIII. fig. 7). In other forms it is more elongated than in Man, and in the 
Orang it is exceedingly long 

The upper surface is always more or less convex antero-posteriorly, and concave 
transversely. This convexity is generally more marked than in Man, but decidedly 
less so (than in him) in the Orang, and stiE less in Ateles and tlie Gorilla. This 
upper surface is almost always broader behind than in fi’ont ; but the difference is very 
smaE in Man, and stiE less in Ateles, Simia, Hylobates, Lemur, and Loris. 

When in Man, the astragalus is articulated with the os calcis, and the bones are 
placed in their natural position, with the long axis of the tuberosity of the os calcis 
vertical, then the upper surface is almost quite horizontal, and the lateral surfaces for 
the malleoli are vertical. 

This condition is not so perfectly attained in any other form. In all other Primates, 

^ Noticed by Pro£e®or Owsjt (Comp. Anat. of Vetebrates, vol. ii. p. 550). 

t Professor OArasr remarks that it is broader ia proportion to its length thaa in Man (Comp. Anat. of Verte- 
brates, vol. ii. p. 550). 

t De PiAiNviiLE speaks of its elongation in Chedrogaleus Milii as remarkable {loc. eiL Lemnr, i. 12). 
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when the bones are naturally united, as when the tibia is reiiimi, then the long axis 
of the tub^osity of the os calcis indmes from below upwards and peronead, the outer 
surfece of that bone tending towards the ground. ^ 

Kow, with this bendmg downwards and inwards of the outer part of the os calds, 
a eoncomitant upward development of the peroneal side of the astragalus often takes 
pbce, erasing the sur&ce for the outer malleolus to form an acute angle with the 
upper part of the astragalus. This is the case in Troglodytes, Simla, the lower Simiid®, 
debus, and most of the inferior Cebidae, and in Hapale and Tarsius. This angle, how- 
ever, which is almost a right angle in Man, is nearly so in Hylobates and Pithecia, 
while in Ateles and Lagothrix it is obtuse, as also in the Lemuridae, especially the Kyc- 
ticebinse, where it is so much so that the peroneal surface becomes not far ftom hori- 
zontal. 

The angle formed with the top of the astragalus by the surface for the tibial mal- 
leolus is generally more or less obtuse, and most so in the Gorilla where it is 
almost on one plane with the upper surface (Plate XIII. fig. 7). In Man this is almost 
a right angle, and nearly so in Indris. 

The peroneal surface generally looks more or less backwards, but not so in Man and 
Ateles, and scarcely so in Hylobates, Lagothrix, Tarsius, and Cheiromys. 

The tibial malleolar snrfswje is not generally so much smaller than the peroneal 
one, as in Man and the Gorilla ; but, on the other hand, in the Nycticebiuse the pre- 
dominance of the outer one is yet greater. In Ateles the equality of the two surfaces 
is remarkable. 

When the bone is altogether detached and placed on a horizontal surface, the 
peroneal border of the upper surface, in Man and Ateles, 4s slightly below the tibial 
one, and this is still more the case in the Nycticebinae, and sometimes in Lemur. 
In the Chimpanzee and Plyiohates the peroneal border, when the bone is so placed, 
is slightly higher than the tibial one, and very much so In the Gorilla and the lo’wer 
Simiidse and Cebidae. 

The head of the astragalus is sometimes much compressed ; this is the case in Ateles, 
hut the compression is at its maximum in Loris. 

The groove for the tendon of the flexor longus haUucis is sometimes marked off by a 
sharp process from that for the flexor longm digitorum. It is more or less so in Ateles, 
Lagothrix, Lemur, and Galago, but most so in the Nycticebinae, where in Loris the 
tendon of the flexor kalluds is made to pass through almost a bony foramen by the 
large development of this process and the simultaneous intwisting of the tuberosity of the 
os calcis. 

Of the inferior articular surfaces the anterior one is relatively smallest (compared 
with the posterior one) in Man and the Gorilla. It is rather laiger in the Chimpanzee 
and Hylobates, still more so in the lower Simiidae, and largest, relatively, in the Nycti- 
cebinae, especially in Loris. 

* Koticed by Professor Oimir (Comp. Anat. of Vertebrates, vol. ii. p. 550), 

3b2 
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The posterior inferior ^rticnlar sur&ce is always wncave. 

The anterior inferior articular surface is flat or more or less concave in Man and 
the GoriEa, generally it is slightly convex, and sometimes, as in Ateles and Loris, 
strongly so. 

Famctdare . — This bone is always short disto-proximally in the Anthropoidea, longer 
in Indris and Microcebus *, but enormously long in Galago and Tartius, especially the 
latter. 

As comparai with the os calcis, its length is also greatest in Galago and Tarsius, and 
its proportion in 3ficrorhynchus greatly exceeds that in Indris or that in Lemur ; in the 
Anthropoidea also it is relatively very short. 

Its anterior and posterior faces are ip Man nearly vertical and parallel. In all the 
other Anthropoidea the posterior face slopes more or less obliquely downwards, so 
that it looks somewhat upwards. In Lemur the two surfaces diverge as they de- 
scend from the dorsum, and they appear to do so generally in the other Lemuroidea, 
except in the Nycticebinse, w^here they are again about parallel and nearly vertical 

The tuberosity of the naviculare is sometimes very large ; it is so, and remarkably pro- 
duced backwards, in Hylobates. It also extends much backwards in Ateles, Mycetes, 
and Cebus, but downwards in Lagothrix. This process in Man is generally f quite small. 

The surfaces for the reception of the cuneiform bones are generally more convex and 
concave than in Man, but the convexity attains its relative maximum in Loris (Plate XIV. 
fig. 10), where tw^o strongly projecting tubercles support the ento- and meso-cuneiform 
bones. 

The naviculare almost always articulates distinctly with the cuboides ; sometimes, 
however, only very slightly so. 

EntO'Cwneiforme. — The prevailing form of the internal cuneiform bone is antero- 
posterior! y short above, but longer towards the sole, i,e, its vertical extent is con- 
siderably greater at its distal than at its proximal end (Plate XIV. figs. 12 & 18). 

Man, the Gorilla, and Orang differ from all other Primates in the more complete 
equality of the antero-posterior dimensions above and below% and of the vertical extent 
in front and behind (Plate XIV. fig. 11). 

It is short antero-posteriorly as compared with its height in the Lemuroidea, especially 
in Indris, and most of all in the Nycticebinse. 

The outer surface is but slightly concave in Man, and some others, as Troglodytes 
and Ateles. It is more or less markedly concave in the lower Simiidse. 

The surface for the hallux has its long axis directed from the dorsum of the ento- 
cuneifoime towards the sole, and, except in Man, is always strongly convex. 


* Proe. Zool Soc. 1864, p, 624, fig. 1. 

t In the bkeleton of a giant, 2^o. 5905 b, in the Museum of the Eoyal College of Surgeons, ihe tuberosity is 
very much produced, but not antero-posteriorly expanded. It is also rather produced in ihe skeleton of 
O’BrEXJs in the same Museum. Mr. Hejost Hakcoce (lectures before referred to, ‘Lancet’ for June 16, I860) 
calls attention to these instances. 
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The articular surface in Man looks more straight forwards than in the other forms, in 
which latter it is directed more tibiad, a condition which is very marked in Troglodytes* 

The long axis of this articular surface always forms a more or less acute angle with a 
line drawn across the articulations of the four outer metatarsal bones where they join 
the proximal row of tarsals (Plate XIV. %. 8). 

In the lower Simiid® this angle is quite as acute as in Man (Plate XIV, fig. 9), 
or even more so ; and the same is the case in the Lemuroidea, but in Troglodytes the 
angle is a little more open, though nothing nearly so much so as is the homotypal 
angle in the human hand, nor even equalling that of the manus of the same species. 
The other Simiinse * resemble Man and the lower Simiid® in this respect. 

The articular surface is sometimes (as in Hylobates, the lower Simiidae, and to a 
certain extent in Man) notched on its peroneal side, but there is no concavity of the 
surface, making it a saddle joint, in any of the Anthropoidea, though I have observed 
a very slight depression towards the lower end of the cylinder in the Chimpanzee, 
Cebus, Mycetes, and Hapale. In the Lemuroidea, however, there is a true and decided 
saddle joint (Plate XIV. fig. 13), though the concavity is very slight in Indris, Galago, 
and Perodicticus, and aU but obsolete in Nycticebus Javanicus. 

The articular surface for the second metatarsal is almost always closely approximated 
to the surface destined for the hallux ; in Simia, however, the two are widely separated f. 

A strong tubercle or ridge sometimes projects from the middle of the inferior margiu 
of the tibial surface, as in Ateles, Perodicticus, and Lemur, 

Meso-cuneiforme , — ^This bone is sometimes very much vertically extended, as compared 
with its other dimensions, as in Man, Troglodytes, and the Nycticebinae. Generally, per- 
haps, it is, as in Macacus, about as long as high. In Lemur the antero-posterior 
extent sometimes predominates. 

The postero-inferior angle is sometimes produced into a sort of rounded head, as 
in the lower Simiidae, and to a slight extent in the Nycticebinae. In others, as Man, 
Troglodytes, Ateles, Lemur, this is not the case. 

In some of the Lemuroidea (certainly in Lemur and Loris, and probably in Indris and 
Galago) it joins the cuboides beneath the ecto-cuneiforme. This is never the case in 
the Anthropoidea. 

Ectchcunmfonne. — ^The external cuneiform hone is sometimes much longer vertically 
than antero-posteriorly, as in Troglodytes and Simia. It is very slightly so in Hylo- 
bates. The two dimensions are about equal in Macacus, Ateles, I^othrix, Mycetes, 
and Loris. In Man, the Pithecinse, Nyctipithecus, and Chrysothrix and others, it is 
slightly longer than high, and twice as long as high in Lemur 

* Dr, Lrc4E remarks tke difference between the Gorilla and Orang in this respect (loc. cit. p. 304. Tab. 3, 
fig. 6 a, h). 

t Eepresented in Dr. Lucae's plate 3. figs. 5 6, and noticed by Professor Huxley (see ‘ Medical Times ’ 

for 1864, Tol. i. p. 565). 

t Well represented in Fischer’s Anatomie der Maki/ Tab. 15. c. 9, 
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f foximal surface is ^metimes convex, as in Macacus, Lemur, and othmrs ; some- 
time^ as in Man, it k nearly flat. The tibial surface has generally two facets, at its 
distal end, for the ^ond metatai’sal, as in Macacos, Lemur, and oOiers. Sometimes 
thare is only (me such, as in Troglodytes and Ateles. The peroneal surface has gene- 
rally two facets for the cuboides, as in Macacus, Lemur, Loris, and Troglodytes. In 
Atei^ th^e is only one, which is at its upper anterior angle. In Man there is also 
cmly one, but it is posterior in portion. 

The vertod diameter of its distal articular surface is soihetimes in excess, as in Man. 
Sometime it is the transverse one which is so, as in Lemur and Loris. Sometimes, as 
in Macacus, the posterior inferior angle of the bone is produced into a rounded h^d, 
though this is not so marked as is that of the meso-cuneiforme. Sometimes, on the 
'Other hand, the posterior surface slopes rapidly downwards and forw^ards, as in Lemur 
and Hylohates. 

The bone projects distally in Man considerably more than the cuboides or meso- 
cuneiforme do, and sometimes it does so in Ateles. It projects distally beyond the 
nieso-cuneiforme in the Chimpanzee, Hylohates, Semnopithecus, Macacus, the Pithe- 
ciinse, the Xyctipithecinae, Cebus, Hapale, Indris, Lemur, Loris, and Galago. Much so 
in Tarsius, slightly so in Cheiromys. Very slightly or not at all so in the Gorilla, and 
not at aU in Simia and Ateles. Sometimes it projects distally beyond the cuboides, 
hut, not beyond the meso-cuneiforme, as in Lagothrix and Mycetes. 

Cuboides . — The length of the cuboides, as compared with that of the os calcis, is greatest 
in Hylohates, where it sometimes attains one-half. In the rest it varies between this 
and Galago, where it scarcely exceeds a quarter, and is least of all in Tarsius, where it 
■is less than one-tenth 

The line of junction of this bone with the os calcis is generally anterior to that of 
the astragalus and naviculare. It is exceedingly so, of course, in Tarsius and Galago, 
and it is markedly so in all the Lemuroidea besides, though least so in the Xyctice- 
binse, especially in Perodicticus. It is also decidedly anterior in Xyctipithecus, Chryso- 
thrix, and Pithecia. In other forms it is generally slightly so, except in Lagothrix and 
Mycetes, where the two lines of junction form but one, Ateles, where the junction 
of the nariculare with the astragalus may he anterior, and Man and Troglodytes, where 
the latter condition generally, if not always obtains. 

The distal articular surface is sometimes almost flat or only slightly concave, as in 
Man ; sometimes decidedly concave but concave only, as in Lemur, Loris, and the Cebidae ; 
sometimes concave above and decidedly convex below, as in the lower SimiidsB. 

The posterior surface offers an inferior projection (generally rather, or qmte on the 
tibial side of the bone), which varies in size with the corresponding concavity of the os 
calcis, being very prominent in Loris and Galago f . 

* Owing, of coarse, to flae abaormal length, of the os calcis in G^go and Tamas. 

t See the woodcut and description of this joint in Galago Senegalensis, giTen hj- Pr. Lfcae {he. dt. 
p. 314). 
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The pianist stirface always ofers a ri<%e, bounding posteriorly a groove for the 
tendon of the permem Imgm. 

K & has been before ^d, according to Van Campen * there is in the Potto (Perodic- 
ticus) an extra bone situated in the transverse ligament enclosing the flexor tendons, 
and near the ^ento-cnneiforme. He has figured it below the detached tarsal bones, and 
it is marked fl-- 

It is noteworthy that in the species possessing the peculiar ossicle, already described, 
in the manus, this homotypal exceptional structure should also be developed in the pes ! 

Metataksus. 

This segment attains its greatest absolute length in the second metatarsal bone of 
Simia. 

The metatarsus, as estimated by a comparison of the length of the second metatarsal 
with that of the whole pes, is greatest in Hylobates f, where the first is about one-third 
of the second. In most it is above a quarter, but in the Nycticebinffi and Cheiromys it 
is between this and a fifth, while in Galago and Tarsius the proportion is still less. 
The proportion borne by the metatarsus to the pes is exceeded by that borne by the 
tarsus to the same, in none so much as in Man, except Tarsius and Galago, where the 
latter proportion is still greater. In the Gorilla, however, the excess comes very 
near to that existing in Man. 

The metatarsus exceeds the tarsus in length in Simia, Hylobates, the Semnopithecinse, 
Ateles, Pithecia, Chrysothrix, Hapale, and Indris. In the others the tarsus equals or 
exceeds the metatarsus, and largely exceeds it in Man and the Gorilla, and still more 
in Tarsius and Galago, where it is much more than twice the length of the 
metatarsus. 

The proportion borne by the metatarsus to the spine is greatest in Tarsias, but it is 
very large also in Hapale and Cheiromys. 

The four Outer Metatarsals. — These metatarsals are always more or less enlarged at 
each end. Almost always the proximal ends are wider transversely than are the heads 
(?. e. the distal ends) of these metatarsals. The disproportion in this respect is greatest 
in Man, though the lower Simiidae approximate to him. In Simia, however, the heads 
are scarcely narrower than the proximal ends, and sometimes in the Nycticebinse those 
of the third and fourth metatarsals are absolutely broader. 

The proximal surfaces of these metatarsals, except that of the fifth metatarsal, 
are sometimes nearly at right angles to the long axes of their shafts, as is the case in 
the Simiinse J, especially in Simia. 

* YerhandeLin^u der KoninJkHjke Akadeade VBua Wetensehappen. Zeveudc Deel, 1859, p. 21, &pl. 1. fig. 8t. 

t From Dr. Lvca:^s meastireiaents it appeals that this proportion is sometimes greater m Simia than in 
Hylobates. Also that in Cynoe^halns and Macacos die metatarsus is sometimes more than one-thM of the 
length of the pes, and 38‘5 to 100 (see loe. eit. p. 817). 

X See Dr. Lvcae's figures, pi. 8. figs. 1, 2, 5, 10. 
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On the other hand, in Man % the lower Simiidse f , the Cebidge, Hapale, and Lemur 
they are not so, hut their bases are as it were bevelled off, so that a line drawn across 
the articulations of these outer metatarsal bones with the tarsus inclines proximally as 
it proceeds peronead from the index. 

The head of each of these metatarsals has its vertical diameter alw£^s greatly in 
excess of its transverse one, but this excess is carried to its maximum, perhaps, in the 
Simiinae (especially Hylobates) and Man. 

The ^afts (if taken from a short distance beyond the proximal ends to a amilar 
distance from the heads) never broaden distally, but decidedly taper in the lower Simi- 
idae, and still more so in Man. In Troglodytes they taper slightly, and very slightly 
in the other forms, except in Simla, Hapale, and the Lemuroidea, where they cannot be 
to do so at all. 

' The shafts are much laterally compressed in Man, the Simiinse, and Ateles ; in the 
rest they are more or less rounded. 

Antero-posteriorly directed planes passing from the middle of the dorsum, of each 
of these metatarsals, to the most prominent parts of their plantar surfaces, never con- 
verge below, in the Anthropoidea J, to the middle, or to the fourth metatarsal, but more 
geper^y d? verge from the former. Such a plane in the second metatarsal (that of the 
ii^x) generally inclines downwards and tibiad ; and in the fourth and fifth metatarsals 
downwards and peronead. In Man this latter inclination is extreme, the fifth meta- 
tarsal being more flattened inferiorly in him than in any other Primate, though it is de- 
cidedly somewhat flattened below in many, e. g. in Hylobates and Ateles. In Lemur, 
Galago, and the Kycticebinae this flattening is not at all marked, and in them perhaps 
even a certain convergence of these planes towards the middle metatarsal may be noted. 

The under surfaces of the metatarsals are slightly, but never more than slightly, 
concave from before backwards; this is more marked, perhaps, in Troglodytes and 
Lemur than in others. 

In Man, Hylobates, and the lowest Simiidse these metatarsals are very nearly parallel ; 
in the rest they diverge but very slightly from behind forwards, most so in the Le- 
muroidea. 

The ends of the heads of these metatarsals are often inclined more or less strongly 
peronead, as compared with the long axes of their shafts. This is very marked in the 
lower SimiidsB and the Cebidae, but little so in the Lemuroidea, and not at all, or only very 
slightly so, in Simia, Troglodytes, and Man. 

These distal articular surfaces do not, in Man, bend downwards towards their ends, 
hut continue almost on a level with the dorsum of the shafts ; they are also limited 

* Described by Professor Hvxlet ia bis * Hunterian Lectures ’ (see ‘ Medical Times ’ for 1864, vol. i. p. 177). 

t The obliquity of the metatarsals in C^oi^pbalus is well represented by Dr. JoHAir Geobo Ixa, in bis 
< Monographie der SebnenroUen.’ Zweiter Abscbnitt, Erste Abtheilung, fig. 2. 

4: De Blaietille says of the metatarsals of Cercopithecus sabaeus, they are arched, “ le second en dedans 
et les trois autres en debora ” Qoc. cit. p. 19). 
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posteriorly by a deeper transverse groove in him than in other forms. It must be 
admitted, however, that the Mandrill approaches Man very nearly in this. 

As to the length of the metatarsals, compared with that of the metacarpals of the same 
individuals, and estimated by a comparison of those of the third digits of the manus and 
pes, the metatarsals are in excess in all Primates except the Simiinse and Cheiromys ; and 
such would also be the case in the last-mentioned genus but for its peculiarly elongated 
middle metacarpal. In Galago, Perodicticus, Arctocebus, and Tarsius the two segments 
are of very nearly the same length. 

The breadth of the metatarsals, as compared with that of the metacarpals of the same 
individual, is always less * in Man and the Simiinae, both absolutely and relatively 
to the length of the bones ; in the latter respect it is also less in all the other genera of 
the order, except, perhaps, some of the Nycticebinse and Tarsius. 

Mrst Metatarsal . — This bone attains its greatest absolute length in the Gorilla, if Ire 
except gigantic human forms. 

As compared with the spine, this bone is longest in Tarsius, and then in Hylobates and 
Cheiromys, but it is as much as one-tenth the length of the spine in Indris and Ateles ; 
in the rest it is less, and shortest in Hapale, Perodicticus, and Arctocebus, where it is 
little more than one-twentieth. 

It is longer than the first metacarpal in every species except Simia, but in PercAc- 
ticus the excess is exceedingly small. 

The proximal end has always an enlargement, for the tendon of the peroneus longus 
on the index side of its plantar surface. This process becomes extreme in size in the 
Lemuroidea, where it often comes in contact with the tibial side of the second meta- 
tarsal. There is a mere rudiment of this process in some, e. g. Ateles. 

The proximal end also presents an articular surface elongated in the direction of the 
long axis of the corresponding articular surface of the ento-cuneiforme. This surface 
is sometimes slightly concave, as in Man, generally strongly so, as in most other 
forms ; and in the Lemuroidea it is also somewhat convex in a direction at right angles 
to that of the concavity, corresponding to the saddle-shape of the articular surface of 
the ento-cuneiforme in them. 

The long axis of this proximal articular surface of the first metatarsal very rarely 
(only in Man) runs almost vertically from the dorsal towards the plantar margin of 
the proximal end of the bone (Plate XIV. fig. 14). In the Simiinae it runs obliquely 
from the peroneal side downwards and tibiad to the plantar and tibial angle of the 
proximal surface (Plate XIV. fig. 15) ; in all the lower forms it runs more transvervsely 
between the dorsal margin, which is turned more or less tibiad, and the peronead turned 
plantar margin of the same proximal surface (Plate XIV. figs. 16-18). 

It is as if the metatarsal of Man had been removed, softened, and then, after being 
turned so that the dorsum looks tibiad as well as upwards, reapplied to the convex ento- 

* Speaking of C. sahsens, De Blainvuijb says, « Les os du metatarse sont surtout bien plus lonp que ceux du 
metacarpe, un tiers en sus ; ils aont en outre generalement plus greles” {he. cit. p. 19). 

MDCCCLXVII. S C 
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cuneiforme, and thns stamped with an oblique depr^ion, or, if turned still further, 
with a transverse one. ■ 

The shaft of the bone is generally nearly straight, but in the Simiinae it has a twist, 
which seems to disappear, or almost so, with the acquisition of a nearly teansv^rsely ex- 
tended concavity in the articular surface. Thus in the Simiinee the dist^ mid of the bone 
can assume a position which would be impossible without this twist. 

This distal end of the bone is rarely so large as the proximal one, and never predomi- 
nates over it, as is the case with the homotypal parts in the poUex. The angle formed 
by an axis piercing it from side to side transversely, with another similarly travmrang 
the heads of the other metatarsals*, is very rarely (only in Man) so extremely obtuse as 
to approach 180°. 

In the Simiinas, as well as in the lower forms, this angle is much more acute, approxi- 
mating to 90°. 

This metatarsal is the longest one of the whole pes in Galago and Arctocebus. It is 
shorter than the other metatarsals in aU the other forms except Loris, Perodicticus, and 
Tarsius ; though in Indris it is very little so. 

Second Metatarsal . — ^This is sometimes the absolutely longest metatarsal of all, as 
has been said, but in a certain form (Arctocebus) it is the absolutely shortest of 
the order. 

It is the longest of all in the same pes in Man, and (if we exclude the backwardly 
extending process of the base of the fifth metatarsal) also in the Simiinse and Lemur, 
and at least sometimes in Ateles and Lagothrix. 

It is the shortest metatarsal in Arctocebus, Perodicticus, and Tarsius ; and it is the 
shortest except that of the hallux in the Semnopithecinse, Pithecia, Nyctipithecin®, Ha- 
pale, Indris, and Cheiromys. 

It projects more forwards {i, e. distad) than the three metatarsals external to it in 
Man, the Simiin®, Ateles, and Lagothrix. 

It projects less than those do in Pithecia, Chrysothrix, Hapale, Indris, Tarrius, and 
Cheiromys. 

It is longer than the second metacarpal in aU except the Simiin®, Tarrius, and 
Cheiromys. 

The proximal end has an articular surface, which is flat, as in Man, or concavo-con- 
vex, as in the other Anthropoidea, or convex only, as in the Lemuroidea. 

Sometimes (rarely), as in Lemur and Loris, it meets the proximal end of the 
fourth metatarsal beneath the ecto-cuneiforme. 

The proximal end extends ftirther back than the base of the third metatarsaL In Man, 
Troglodytes (only slightly so in the Gorilla), Hylobates, the lower Sirniidae, sometimes in 
Cebus, in Pithecia, Nyctipithecus, Hapale, in the Lemuroidea generally, and greatly 
so in Lemur. 

Third Metatarsal . — This is absolutely longest in Simia. 

* The plantar angulation of Prof^or Huslet. 
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It is the longest of all in the mme peg in the lower Simiidse, sometimes in Cebus, in 
Mycetes, Perodicticus, and Cheiromys. 

It is never the shortest of the p^, but it is longer than the third metacarpal in all 
except the Simiinae and Cheiromys, though it is almost the same length in Galago and 
Tardus. 

It projects most forwards, of the four outer metatarsals, in the lower Simiidse, Cebus, 
Mycetes, the Nyctipithecin®, and Lemuroidea. 

The proximal articular surface is flat in Man, and more or less convex in the other 
forms. 

Fourth Metatarsal . — ^This is the longest one of the pes in Pithecia, and the Nycti- 
pithecin®, Hapale, Indris, and Tarsius. 

It is the shortest metatarsal in Loris and Galago. 

It projects the most forwards of aU the metatarsals in Pithecia and Hapale. 

It is longer than the fourth metacarpal in all except the Simiin® ; but the length of 
these two bones is nearly the same in Galago and Arctocebus. 

The proximal end is almost always strongly convex, except m Man. 

Fifth Metatarsal . — ^When the backwardly-projecting process of its base is included, 
this metatarsal is the longest of the pes in the Gorilla, many Cebid®, Cheiromys, and 
sometimes in Man. 

Without including that process, it is the shortest of the four outer metatarsals in 
Man, the Simiin®, Ateles, Lagothrix, Lemur, and Loris. 

Except that of the haUux, it projects less forwards than any other of the metatarsals 
in Man, the Simiid®, the Cebin®, Mycetes, Nyctipithecus, Lemur, Galago, and Loris. 

It is longer than the fifth metacarpal in aU except the Chimpanzee, Simla, and Hylo- 
bates ; but it is very little so in Arctocebus and Perodicticus, while in Brachyurus, Nyc- 
tipithecus, Chrysothrix, and Hapale it is more than double the. length of the fifth meta- 
carpal. 

Its proximal end is in general strongly convex. A process projects backwards from 
the outside of the proximal end of the fifth metatarsal This is at its maximum in Man 
and the Gorilla. It is smaller relatively, as well as absolutely, in most others, espe- 
cially in the Lemuroidea. 

Phalanges. 

The hallux has always two phalanges, except, as is weU known, in Simla, where there 
is often but one. 

Each of the other digits has three distinct phalanges, except in Man, where generally 
the ultimate and penultimate phalanges of the fifth digit become anchylosed together. 

The jprosdmd phalanx of the hallux is absolutely greatest in Man, but the Gorilla 
approaches him rery closely * in this respect. 

* Professor Owes has found it to equal that of Man (Comp. Anat. of Vertebrates, vo!. ii. p. §51). 

3c2 
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It is decidedly longer tlian its homotype of the manas in Man, Troglodytes, the long- 
tailed ShniidEB, and Indies, being in Colobus nearly three times as loi^. The two s^ 
ments are about equal in Cynocephalus, in the Cebidae (except, of course, Ateles), in 
Lemur, Galago, Loris, Arctocebus, and Tarsius. On the othm* hand, it is deddedly 
shorter in Simia, Hylobates, Hapale, Perodicticus, and Cheiromys. 

It is always shorter than the first metatarsal, but at the same time is more than half 
its length, except sometimes in Simia and Hylobates and the lower Simiidse, especially 
Semnopithecus and Cynocephalus. 

The second phalana: is more than half the length of the first, except in the Senpio- 
pithecinee, sometimes in Macacus, in Nyctipithecus, Hapale, and Tarsius, in which last 
it is very short, as compared with the proximal phalanx. 

It is always flattened from above downwards at its distal part. 

The phalanges of the other digits are, except in Man, very similar to those of the 
manus, but, as in him, they are narrower transversely than their respective homotypes. 
This difference is less marked below the Simiidse, yet always exists except in Tarsius, 
and sometimes, perhaps, in the Nycticebinae. 

They are convex above and flattened or concave below ; but in Man the shafts are so 
short that the inferior flattening is inconspicuous. 

The distal ends of the several joints are formed nearly as in Man, except as regards 
the distal ends of the ultimate phalanges of some. 

These ultimate phalanges are always flattened distally, more or less, as in Man, 
except in Hapale, where they are laterally compressed, curved, and pointed, like those 
of the manus ; in the index of the Lemuridae, which is elongated and pointed at its 
end ; in Cheiromys, where they are “ subcompressed and acutely pointed”*; as also in 
Tarsius. 

The ffoxirml fhalanx of either the second or the third digit is the longest phalanx 
of all the four outer digits of the same pes in the Anthropoidea. In the Lemuroidea 
that of the fourth digit is the longest. 

The length of the phalanges may be perhaps best estimated by selecting those of the 
third digit. 

The proxiTml phlanx of this digit is much less than half the length of the third me- 
tatarsal in Man ; it is about half the length of the latter in the Suniidse below the Si- 
miinse, and in Hapale. 

It is a little longer than the third metatarsal in Galago and some of the Nycticebinae. 

No proximal phalanx of any of the four outer digits exceeds its supporting metatar^ 
in the Anthropoidea ; but in Galago, the Nycticebinae, Tarsius, and Cheiromys, that of 
the fourth digit exceeds in length the fourth metatarsal ; and in Galago, Loris, and Pe- 
rodicticus f the same may be said of the third digit. 

The proximal phalanx of the third digit greatly falls short of the length of its homo- 

• Owm, Trans. Zool. Soc. voL v. p. 54. t See Vak Campm’s fignw, eii. 
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type in Man ; it falls less short in Troglodytes, Tarsius, and Cheiromys, and less still in 
Simid and Hylobates. 

Often the two are nearly eqn^, and sometimes that of the pes is a little in excess. 
In Loris and Arctocebus it is considerably so. * 

The mcoid phalanx is always more than half the length of the proximal phalanx, ex- 
cept in Tarsius, where it is a little less. 

As compared with its homotype, it is less than half only in Man and Tarsins, 
but it is very little more than half in the Chimpanzee, and sometimes in Hylo- 
bates. It is still considerably shorter than its homotype in the GoriUa, Simla, Ga- 
lago, and Cheiromys ; in the rest there is but little difference, and the phalanx of the 
pes is sometimes a little the longer. In Indris, Loris, and Perodicticus it is de- 
cidedly so. 

The third phalanx^ as compared with the second one, is longest in Man, where it some- 
times equals, and indeed even exceeds, the latter in length. It is often less than half 
the length of the second phalanx in other forms. 

It is much shorter than its homotype, in Man and in all the Simiinae. In the other 
forms there is no great difference, that of the pes being sometimes a little the shorter, 
sometimes, as in the Nycticebinse, a little the longer. 

The phalanges of the four outer digits shorten successively, except in Tarsius and 
sometimes in Galago, where the second phalanx of the fourth digit is as long as the 
proximal one of the index, and in the Nycticebinse, where the latter is actually shorter. 

Digits without theie Metataesals. 

The hallux thus measured is absolutely longest in Man. 

As compared with the length of the pes, it is longest by much in Arctocebus, and then 
in the Chimpanzee and Man, Indris, and Loris, in all of which its length equals, or is 
but very little less than a quarter of that of the pes. 

Not counting Ateles, it exceeds its homotype most in Colobus. It falls slightly short 
of it in Lagothrix, Mycetes, Hapale, and Hylobates ; more considerably so in Cheiromys, 
and most so in Simla. In all the rest it equals or slightly exceeds it. 

It is the longest digit of the pes only in Man, and only sometimes in him. 

It is the shortest one in all except Man, but only in the Semnopithecinse, Lago- 
thrix, Hapale, and Cheiromys is it so small as only to equal half the length of the 
fifth digit, except in Simla, where it is sometimes less than a quarter of the length of 
that digit. 

The index is the longest of the pes only in Man, and only sometimes in him. 

It is never the shortest digit, but it is the shortest one, except the hallux, sometimes 
in Hapale, and in all the I^muroidea. In Man alone it projects the most. In Pero- 
dicticus and Arctocebus it is unusually short, being very little longer than the hallux in 
the latter genus. 
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The index is always than the third digit, except in Man ♦, 

As compared with the whole pes, the index is longest in Simla and Cheiromys (nearly 
two-fifths of the laagth of the latter), and scarcely lem in Lagothrix and Mycetes. In 
the rest the proportion is less, being least bnt one in Man, and least of all in Tardus, 
where it k le^ than a quarter of the length of the pes. 

The tUrd digit, as compared with the whole length of the pes, is longest in Loris, where 
it is more than half of the length of the latter, then in Cheiromys and Indris ; and in all 
the rest it is much above a quarter, except in Tarsius, in which it is only8ligh%so,and 
Man, where it is less than a fifth. 

As compared to its homotype, it is much shorter in Man, Simla, and Tardus also, but 
to a less degree in Cheiromys, the Simiinse, and others. 

It is never the shortest digit of the pes, but it k the longest one in the Simiidse, Ce- 
binse, and Mycetes. It projects most of the digits of the pes in the Simiidse and most Cebidae. 

The fourth digit is the longest of the pes in Pithecia, sometimes in Nyctipithecus, and 
always in the Lemuroidea. 

It is never the shortest one, even without the hallux. It projects the most of the 
digits of the pes in Pithecia, sometimes in Nyctipithecus, in Hapale, and in all the Le- 
muroidea. 

The fifth digit is the longest one of the pes in none; it is the shortest one in Man, 
but in him only. 

It is the shortest one, except the hallux, in the SimiidsB and Cebidje, and it is about 
as short as the index in Hapale. The fifth digit projects more than the index in Pi- 
thecia, Hapale, and the Lemuroidea ; not so in other forms. 

The length of the longest digit, compared with that of the tarsus, is greatest in Loris, 
Arctocebus, Simla, and Indris (more than 160 to 100) ; it is least in Tarsius, Galago, 
and Man, in the last being only about half. 

The proportion borne by the longest digit to the longest metatarsal is greatest in Arc- 
tocebus and Perodicticus, where the first k near being twice and a half the length 
of the second. In Galago and Lemur it k also more than twice its lengtli. In the rest 
it is more than once and a fifth as long, except in Troglodytes, the lower Simiidge, 
Chrysothrix, Hapale, and Man. In Man and some of the lower Simiidse it is shorter 
than the metatarsal. 

The relation between the proportion borne by the longest digit to the longest meta- 
tarsal, and that borne by the longest digit of the manus to the longest metacarpal, k so 
far uniform that, except in Perodicticus f , the first proportion is always smaller than the 
second. The difference between the two proportions, however, k almost nil in Simla, 

* Hr. LrcAE says that the index is longer than tire third digit in Troglodytes (lor. eit. pp. 306, 307, Mid 320) ; 
fjBo that in Cynoeephaltis mormon, the second and third digite are equal (he. eit. p. 317). I am inclined to 
think that th^ variation may he owing to an error in mounting the specimens. 

t As Perodicticus was the only exception I found, I was inclined to snspeot that the spedmen in the British 
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emaU in Indris, Arctocebns, and Loris, In most, however, it is smaller than in Man ; but he 
is exceeded in this respect by Mycetes, Tarsius, Chrysothrix, Cheiromys, Nyctipithecus, 
and Hapale, in which the difference between the proportions becomes successively 
gr^d;er, the excess of the longest digit of the manus over the longest metacarpal being 
in the last-mentioned genus more than four-fifths greater than that of the longest digit 
of the pes over the longest metatarsal. 

Digits with theie Metataesals. 

The hallusc thus estimated is absolutely longest in Man. 

Its proportion to the spine is far greatest in Tarsius (more than a quarter), and then 
in Cheiromys and Hylobates, Indris, and Ateles, in all of which it is more than one-fifth 
the length of the spinal column. In Colobus and Hapale, on the other hand, it is but 
little more than one-tenth. 

Its length, compared with that of the entire pes, is greatest in Arctocebus, Loris, and 
Indris, where it is more than one-half the length of the latter — a proportion it nearly 
attains in Man, and sometimes in Hylobates, while the Chimpanzee follows closely. In 
all the rest it is more than 33 to 100, except in Hapale and the Semnopithecinae, where 
it is a little less, and Simia, where it is scarcely more than a quarter. 

The hallux, when brought beside the index digit, attains to its extremity in Arcto- 
cebus ; sometimes beyond its extremity in Man : to the middle of the distal phalanx, 
or rather beyond it, in the other Nycticebinae, Gralago, Tarsius, and sometimes in Man : 
to the middle or near the distal end of the second phalanx of the index in Lemur and 
Indris : to the proximal end of the second phalanx in the Chimpanzee and Cheiromys : 
to the distal end of the proximal phalanx in the Gorilla, sometimes Hylobates, 
Cynocephalus, Pithecia, and Nyctipithecus : to the middle, or nearly so, of the proximal 
phalanx in Hylobates (sometimes), the Cebinae, Mjcetes, Chrysothrix, and some lower 
Simiidae : to a little beyond the base of the proximal phalanx in the Semnopithecinae 
and Hapale : not nearly to the distal end of the metatarsal of the index in Simia. 

The extent to which the hallux extends with regard to the index of the pes, when 
compared with the extent to which the pollex projects forwards beside the index of the 
manus in the same individual, is as follows ; — 

Almost always the hallux projects farther than the pollex (omitting Arctocebus and 
Perodicticus). 

The reverse condition, however, obtains largely in Hapale, in a less degree in some 
Cebidae, e. g, Lagothrix, Mycetes, and also in Simia. 

In most of the Cebidae the relative extension is about equal ; but in Man and Tarsius 


Maseura had been wrongly articulated ; hut in Vas Campek’s memoir, before referred to, his plate reprint? 
the longest metacmrpal as about equd to the long^ metatarsal in length, while the longest digit of the pes 
deddeffly excedls that of tiie manus. 
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the difference is very gr^t, and in this these two extreme forms agree together, and 
differ from all others. 

The production of both, taken together, is greater in Loris than in Man and 
Tarsius, because, though the hallux projects a little less, the poHex projects so much 
more. 

The combined projection is greatest of all in Arctocebus and Perodicticus, from the 
small development of the indices both of the pes and of the manus. 

The hallux, when compared with the longest digit of the pes, is at its maximum in 
Man. Then follow Arctocebus, the Chimpanzee, and Indris, where the proportion is as 
about 7 to 10. In all the rest the proportion is greater than one-half, except in the 
Semnopithecinae and in Simia. 

The length of the hallux, as compared with that of the pollex, is, of course, far greatest 
in Ateles and Colobus, where the first is more than twice and a half the length of the 
.second. 

It always considerably exceeds the pollex in length, except in Hylobates, Tarsius, and 
Cheiromys, where it does so but little, and in Hapale and Simia, where it is absolutely 
less, the proportion in the last-named genus being as about 79T to 100. 

The index digits as compared with the spine, is longest in Simia, where it is nearly 
two-fifths of the length of the latter. It is only slightly less in Ateles, and but little so 
in Cheiromys and Tarsius. In all the rest it is less than in the last, but more than 
one-fifth of the length of the spine, except in Loris, Man, and Lemur, where it is a little 
less, and Perodicticus and Arctocebus, where it is little more than one-tenth. 

The index of the pes is more than twice the length of its homotype in the manus in 
Arctocebus, and in Perodicticus it is more than once and a half as long. 

It is longer than the index of the manus in all except Cheiromys, the Simiinse, and 
Tarsius. 

The longest digit of the pes (wheliier the third or the fourth), as compared with the 
longest one of the manus, is far greatest in Loris, where the first is nearly once and a half 
of the length of the second ; but in all, except Man, the Simiinse, Ateles, Tarsius, and 
Cheiromys, that of the pes is the longer. Of these last-mentioned genera the proportion 
borne by the digit of the pes is greatest in Ateles and Simia, least in Hylobates, where 
sometimes it is only as about 67*2 to 100. 

Hand and Foot, 

Dr. Lucas, after terminating his description of the variations of structure noticed 
by him in the extremities of the Primates, observes that a more minute examina- 
tion of the pes of apes shows it to agree more with the human hand than with any 
other mammalian extremity, that its resemblances to the human foot are superficial, and 
that the use of the name Quadrumana is thus fully justified. 

His words are, “Denn nicht nur eine genauere anatomische Untersuchung weist 
nach, dass die s. g. ‘ hintere Hand ’ sowohl anatomisch als auch physiologisch weit mehr 



M&. ST. momi& MIYABT OK THE SKELETOK OF THE PEIMATES. 


863 


Uebereinstimmung mit der ‘ meuscblichen Hand ’ als mit irgend einer teminaleT Abthei- 
limg der Extremitaten in der ganzen Saugethieireihe besitzt, und da^ in der That nur 
mehr oberfl^hliche Fonnahnlichkeiten mit dem menschlichen Fusse Torkommen. — ^Dii 
OEDITOFe DEE QuaDRUMAKEN 1ST DAHER EINE VOLLKOMMEE BEEECHTIGTE ” *. 

The result of my examination, on the contrary, convinces me that the so-(^ed 
“ hinder hand,” as well anatomically as physiolo^cally, far more agrees with the human 
foot than with the human hand, and that it agrees with the latter only in more super- 
ficial points f. Also that the old term Primates is far preferable J to the name 
Quadrumana, which is not applicable exclusively to Apes and Lemuroids, whatever 
definition be accepted of the term “ hand.” 

If we accept as our definition of the word “ foot,” “ an extremity in which the hallux 
forms the fulcrum in standing or walking''' then Man alone has a pair of feet ; and if 
at the same time we define the hand as an unguiculate extremity more or less prehen- 
sile, with four or five complete digits, the innermost of which may or may not be 
opposable, then unquestionably Apes and Lemuroids have no feet, but four hands, and 
no one using such definitions could be justly blamed for speaking of those afiimals as 
quadrumanous, though the epithet should then be extended to others which are very 
different. 

But Dr. Lucae, without any such preliminary qualification, states broadly that both 
anatomically and physiologically the posterior extremity of Apes far more nearly 
resembles the human hand than the human foot. 

He does so on the following grounds || : — 

1. The absence of the tarso-metatarsal arch in the foot of Apes, the inclined upper 
surface of the astragalus, and the support of the body by the anterior row of tarsal 
bones, the first and fifth metatarsals, and the toes, but not by the heel. 

2. The short tarsus, no longer exceeding the metatarsus and toes ; the greater rotation 
in the tarsal joint, and the hinge-joint formed by the metatarsals with the tarsus. 

3. That the antero-posterior, dorso-plantar sections, “ sagittalen Durchschnitten” are 
not parallel, but approximate to each other towards the sole. That aU five metatarsals 
are not united together at their heads by ligaments, but only four of them, the fifth being 
free; also the form of these heads, which are but seldom, as in Man, provided with 
“ entwickelte Remmungfldchenr 

4. That the digits are long and mostly longer than the metatarsals ; that the first toe is 
shorter than the second ; that the second, however, is smaller thmi the third or even 
fhan the fourth. 

• Uc. dt. p. 3S3. 

f As justly observed by Professor HirxiiBx (Man’s Place in Katore, p. 91). 

$ It is noi on anatomical grounds, however, that I would base my preference for the term Primates. 

§ Die great t(^, which forms the fulcrum in standing or walking, is perhaps the most chsaraeteristic 
pecuhaiity in tibe human structure ; it is ttiat modification which differentiates the foot fiom the hand, and 
^vm the (haracter to his mder (JSmam)” — Owmr on the Anatomy of Vertehrates, vcd. ii. p. 553. 

It LvcAMf lo€. di. p. 321-323. 

MDCCCLEVII. 3 D 
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5, That not a doi^, bnt a plantar flexion predominates in the tarso-metatarsal jomt, 
and also * in the metatarso»phalangeal one. 

6. Finally, on a(KX)nnt of the mode of articulation of the hallux with the ento- 
cuneiforme. 

Now, with i^gard to the plantar arch, it is, indeed, true that there is a certain 
different^ between Man and Apes, owing to the hallux in the latter not being used as 
the Mcrum ; but the tarsal bones, apart from the metatarsals, form in all the Anthro- 
poidea an arch much as in Man, while in him, as in Apes, the fifth metataiBal takes no 
part in the arch, but is applied to the ground, as has been before noticed. The di&r- 
ence in this respect is small, indeed, between Man and the Gorilla as comjmred with that 
existing between the latter and other forms of the order, such as Tarsius, while the carpus 
of Man presents nothing at all resembling the antero-posterior arch of the tarsus of 
Apes. 

The inclination of the upper surface of the astragalus very generally exists and has been 
described above, but it is difficult to see how this is any approximation to Man’s hand. 

As to the application of the heel to the ground, the difference is not between Man 
and the higher Apes, but between these and lower forms. 

The shortness of the tarsus, as compared with the metatarsus, will not serve ; for the 
proportion borne by the tarsus of the Gorilla to the metatarsus is overwhelmingly more 
like the proportion of the human foot than that of the homotypal parts of the human 
hand, the total length of the tarsus much exceeding that of the longest metatarsal, while 
in Galago and Tarsius the excess in length of the tarsus over the metatarsus is very far 
greater even than in the human structure. It is true that in none does the tarsus attain 
so great a length, as compared with the digits (whether with or without their metatarsals), 
as in Man, yet even in this respect the pes of the Gorilla and others far more nearly 
resembles the human foot than the human hand. 

The rotation of the tarsal joint is certainly more extensive in Apes than in Man ; but 
the shape of the joint closely resembles its homologue in Man’s foot, and widely differs 
from his intercarpal articulation. 

The convexity of the proximal articular surfaces of the metatarsals in the lower Apes 
does produce a sort of hinge-joint ; but inasmuch as they are convex, they depart more 
from the structure of the proximal ends of the human metacarpals (some of which are 
more or less strongly concave) than from the flat proximal ends of the humim metatar^s, 
while the highest Apes scarcely differ from Man in this respect. 

As to the “ sagittalen Durchschnitten,” I must avow that I have been miable to find 
any indication of the plantar convergence of such in any Anthropoidea. There are 
differences indeed from Man’s foot, — a lesser flattening beneath of the outmrmost meta- 
tarsals, and often a peronead bending of their distal ends, — ^but no approximation, to the 
human hand. 

The absence of a ligamentous connexion between the heads of the first and second 
* P. 322, iiae 13 from the bottom. 
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be neglected in considering the osteology of the limbs ; but it may be 
remarked that this absence is a necessary condition of the strongly prehensile action of 
the hallnx ; and that the hallux has such action in the Primates below Man is admitted 
by all. The difieraace predated amongst Apes as to the extent of connexion by soft 
structures, of continuous digits is not less remarkable. 

Aa to the form of the heads of the metatarsals, the transverse grooves on the dorsum, 
and the projecting tubercles beneath, are but little less marked in some Cynocephali 
than in Man ; and in such the pes far more resembles, in this respect also, the human 
foot than the human hand. 

In the length of the digits, as compared with the metatarsals, in the predominance of 
the third digit in so many forms, and in the greater plantar flexion of the tarso-metatarsal 
and metecarpo-phalangeal joints, the pes of Apes does rather resemble the hand of Man 
than his foot ; but the elongation of the digits in the pes of Apes is a point conceded 
by all disputants. 

The convexity of the distal articular surface of the ento-cuneiforme is again a point of 
resemblance to the hand of Man ; but, as has been before said in describing that part, 
the angle formed by the long axis of that surface with a line traversing the distal surface 
of the other tarsals more resembles that of the human foot than the homotypal angle 
of Man’s hand (Plate XIV. figs. 6-9) ; and in general form and proportion the ento- 
cuneiforme of the Gorilla is overwhelmingly more like its human homologue than it is 
like the trapezium of Man (Plate XIV. fig. II). 

But, in addition to these points, it should be borne in mind that the pes of the rest of 
the Primates resembles the foot of Man, in that — 

1. Except in the Chimpanzee, Cheiromys, and Hylobates, it always exceeds in length 
the manus of the same individual. 

2. Consequently with the same exceptions, the proportion home by the pes to the 
spine exceeds that borne by the manus. 

3. The proportion home by the length of the tarsus to that of the spine always 
greatly exceeds that of the carpus. 

4. The whole of the tarsal bones, in number, form, proportion, and connexions, re- 
semble the human ones infinitely more than they do the carpals of Man. 

5. The tarsus directly joins both the long bones of the middle segment of the limb, 
not only one, as in the human hand. 

6. The articulation with the leg, however oblique, is on the type of the human foot, 
and not on that of the human hand and arm. 

7. Very generally the ecto-cuneiforme projects distally considerably beyond the 
meso-cuneiforme. 

8. The cuboides has a transverse ridge and no process like the unciforme, and it has 
a more or less sharply-marked prominence behind. 

9. The tarMis sometimes exceeds the metatarsus in length. 

10. If the line joining the bases of the metatarsals forms an angle with the long 

3d2 
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axis of the pes (through |their proximal ends being bevelM off), it indines outwards 
and backwards, as in the human foot. 

11. The shafts of the four outer metatarsals do not become broader distaUy, but 
almost, if not quite, always taper somewhat from near the base to near the head of each. 

12. Planes antero-posteriorly directed and drawn from the middle of the dorsum of 
each metatarsal to the most prominent part of its plantar surface do not converge at 
least in any Anthropoidea. 

13. Sometimes strongly marked transverse dorsal grooves limit proximally the arti- 
cular surfaces of the distal ends of the metatarsals. 

14. The third metatarsal (except in Simia and Cheiromys) always exceeds in length 
the third metacarpal of the same species. 

15. Except perhaps in some Lemuroids, the metatarsals are more slender than are 
the metacarpals in the same individual. 

16. There is a prominence at the proximal end of the plantar surface of the innermost 
metatarsal. 

17. There is a laige process projecting backwards in some from the proximal end of 
the fifth metatarsal. 

18. The length of the hallux with its metatarsal always exceeds the pollex with its 
metacarpal, except in Simia, Hylobates, Hapale, Tarsius, and Cheiromys. 

19. The haUux extends further, in relation to the index of the pes, than does the 
pollex in relation to the index of the manus, in the great majority of forms, 

20. Except in Perodicticus, the proportion of the longest digit of the pes to the 
loi]gest metatarsal is always less than that borne by the longest digit of the manus to 
the longest metacarpal 

21. The phalanges of the pes are generally more slender than are the homotypal ones 
of the manus in the same individual. 

The pes of Apes and Lemuroids differs from the foot of Man and resembles his hand, 
in that — 

1. The proportion borne by the pes to the rest of the pelvic limb almost always 
exceeds that home by the manus to the rest of the pectoral one. 

2. The proportion borne by the pes to the tibia is generally greater than that borne 
by the manus to the radius, reversing the conditions existing in Man. 

3. The innermost digit is supported on a strongly convex surface. 

4. The innermost digit diverges from tbe others, and the transverse axis of its head 
forms an angle which approaches 90°, with a line joining the heads of the other 
metatarsals. 

5. The metatarsus in many exceeds the tarsus in length. 

6. The phalanges, and therefore the four outer digits, are of such length as compared 
with their metatarsals and with the hallux. 

7. Neither the first nor the second digit is ever the long^t one of the pes. 

8. There is such an amount of plantar flexion on the joints. 
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9. The dor!^ grooves Mmiting the articular heads proximally are generally less marked. 

The manus in Apes and Lemuroids agrees with the hand of Man and differs from his 
foot, in that — ' 

1. The length of the manus is almost always less than that of the pes in the sam<^ 
individual. 

2. The length of the manus, compared with that of the spine, is almost always less than 
that home by the pes to the spine in the same individual. 

3. The length of the carpus, as compared with that of the spine, manus, and digits, is 
smaller than that of the tarsus, as compared with the spine, pes, and digits, in the same 
individual. 

4. The form, arrangement, and connexions of the bones are similar. 

5. At least two bones of the manus articulate with the long bones of the limb. 

6. There is a convex cylinder supporting the innermost digit, and its long axis forms 
an obtuse angle with a line joining the proximal ends of the metacarpals. 

7. The cuboides has an unciform process and no transverse groove. 

8. The line joining the proximal ends of the metacarpals never inclines outwards and 
backwards. 

9. The metacarpals expand distally. 

10. The antero-posteriorly directed planes, traversing the metacarpals from the dorsum 
to the palm, converge palmad. 

11. The metacarpals are broader than the metatarsals of the same individual. 

12. The poUex with its metacarpal is almost always shorter than the hallux with 
its metatarsal, in the same individual. 

13. The pollex generally extends less far forwards with relation to the index of the 
manus, than does the hallux with relation to the index of the pes. 

14. Except in Perodicticus, the proportion of the longest digit to the longest meta- 
carpal ^ways exceeds that of the longest digit of the pes to the longest metatarsal. ^ 

15. The phalanges of the manus are broader than their homotypes of the pes in the 
same individual. 

16. The angle formed by the transverse diameter of the head of the pollex with a line 
connecting the heads of the other metacarpals is similar to the homologous angle in Homo. 

17. Neither the first nor the second digit is the longest one. 

18. The lengths of the phalanges, and hence of the digits, are similar. 

The manus of Apes and Lemuroids differs from the hand of Man and resembles his 
foot, in that — 

1. The proportion, as to length, borne by the manus to the rest of the pectoral limb 
almost always falls short of that home by the pes to the rest of the pelvic one, reversing 
the conditions in Man. 

2. The proportion borne by the manus to the radius is generally less than thsit borne 
by the pes to the tibia. 

3. There is a strong dorsal flexion of the metacarpo-phalangeal joints. 
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4. The fifth metacarpal has sometimes a well-deTeloped process extendm^ backwards 
from the outside of its proximal end. 

5. Generally there is no saddle-shaped surface to support the innermost me^carpal. 

6. A lm ost always the carpus is directly connected with both the lowm* long bones of 
the limb. 

A consideration of aU the points above enumerated can, I think, leave little doubt on 
an unprejudiced mind that, as regards the form and relative size of the bones, their 
juxtaposition, connexions, and modes of union, — ^in other words, as far as osteological 
anatomy goes *, the posterior extremity of Apes much more resembles the foot of Man 
than it does his hand \ while at the same time the manus of Apes differs widely from 
Man’s foot, and closely resembles his hand. 

The prolongation of the controversy, the last word of which, till now, has come from 
Dr. Lucae, is, 1 think, owing to the dispute being one rather about words than about 
material objects ; and it is perhaps well further to consider the meanings given to the 
terms “ hand ” and “ foot ” respectively. 

The popular use of the word “ foot ” shows that its connotation is “ support” We 
speak of the foot of Man, the fore and hind foot of a horse, the foot of a wineglass or 
of a mountain ; and in this sense the term is applicable both to the fore and hind 
extremities of most Apes and Lemuroids, which are thus, as they are often called, 
“ Quadrupeds.” If, neglecting common usage, we frame a special definition, then, as 
has been seen, one can readily be devised applicable exclusively to the lower extremities 
of Man. 

As to the word “ hand,” the signification given to it by popular use is vague enough ; 
but precise definitions of the term have been framed by Ciriee, Isidore Geopproy St. Hi- 
laire, and others ; it remains to see if one has been devised which will justify the applica- 
tion of the term “ quadrumanous ” to all Primates besides Man, and to them exclusively. 

Cuvier’s definition, “ U pouce litre et opposable aux autres doigts, qui sont Imgs et 
fleoMesl' which has been accepted by so many, cannot be applied to the anterior 
extremities of Colobus, Ateles, and Hapale, and scarcely, indeed, to any of the Cebidaef. 

♦ For an excellent summary of the myological r^mhlances and differences of the extremities, which lead 
to the same result, see the report of Professor Hxtxlet's Hunterian Lectures in the ‘ Medical Times ’ for 1864, 
vol. i. p. 457. See also the article by Lttdwio Pick in MVller’s ‘ Archiv,’ 1857, p. 435. 

t The imperfect opposition of the thumb in the Cebidae was first, I believe, pointed out by Don Felix 
d’Azaea in his ‘ Essais sur FHistoire Natnreffe des Qnadrupedes de la Province du Paraguay,’ 1801, vol. ii. 
pp. 213, 233, & 244; also by Geoffbot, ‘ Dictionnaire Classique d’Hist Nat.’ t. xv. 1829. Againj and inde- 
pendently, by Mr. Osilbt in the Penny Cyclopaedia, voL i. p. 442 ; and again by the latter gentleman in a 
paper published in the Proceedings of the Zoological Society for 1836, p. 25. Mr. W. MASinr notices the 
same point, ‘ Nat. Hist, of Man and Monkeys,’ 1840, p. 341. More recently, this incomplete opposability has 
been noticed by Professor Hitxlet in his ‘Evidence as to Man’s Place in Nature,’ 1863, p. 93; and in his 
Hunterian Lectures reported in the ‘ Medical Times ’ for 1864, vol. ii. p, 93. The only partial opposition of 
the poUex in Hapale and Cebus is mentioned by Professor Owex, ‘ Comp. Anat. of Vertebrate,’ vol. ii. p. 543 ; 
and Trans. Zool. Soc. voL v. p. 274. Also by Tboixe, Todd’s Cydop. vol. iv. pt 213. 
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If we extmd this definition so ^ to include those forms and to be applicable at the 
mme time to the pes of all Primates except Man, and therefore call every prehensile 
extremity with four or fiive unguiculate digits, with or without an opposable innermost 
one, “ a hand,” the same term must then be applied to the pes of the Bat and of the 
Parrot; nor could it be consistently refosed even to the extremity of the Sloth; while 
some Marsupials, and even the Chameleon, might successftilly lay claim to the epithet 
“ quadrumanous.” 

M. IsiDOEE Geoffeoy St. Hilaiee gave a definition of the word in some respects 
better: extrhmte pourvtie de doigts allonges profiyndknmt diiises, trm-mobiles 

tres-Jiexibles et par consequent susceptihUs de saidrentre eux et la pawne les objets places 
d leur portee ” ♦. But even this is not exclusively applicable to Apes and Lemuroids, 
especially if the pedal digits of the Gorilla and Siamang are to be spoken of as “ 
fondement dimsis.'' 

But it is not only on account of form and structure that the same term cannot be 
applied with propriety to the hand of Man and the pes of Apes ; for the careful con- 
sideration of the function of the parts shows more difference between them than is often 
supposed, as well as a greater agreement between the pelvic extremity of Man and that 
of the other genera of the order. All admit that the hand of Man is almost 
exclusively prehensile, his foot almost exclusively locomotive; and it is commonly 
asserted that in Apes and Lemuroids the pes resembles the hand of Man in function 
far more than it does his foot. I believe, however, that this is not the case ; for, in the 
first place, the foot of Man is not quite destitute of prehensile action, as Ludwig Pick f 
has noticed. In his excellent article, on the hand and foot, that author truly observes 
that in locomotion, especially on an uneven surface, there is a certain abduction and 
adduction of the digits in the human foot. Professor Huxley has also called attention 
to its occasional grasping action J. In the second place, though this prehension is 
very much more developed in all the other Primates than in Man, yet in them this pre- 
hension is like that which exists rudimentarily in the human foot and not that of the 
hand of Man. It is a prehension subsidiary to locomotion^ and a modification of the action 
of the pes in harmony with the form of the most frequent supporting surfaces (the boughs 
and tmgs of trees), not a true assumption of the function of a hand which is still pre- 
served by the anterior extremity. This view, that the prehension of the pes is a loco- 
motive and not a manual prehension, is confirmed by some observations kindly com- 
municated to me by Mr. A. D. Baetlett, Superintendent of the Gardens of the Zoological 
Society, to whom we are indebted for so much interesting information respecting the 
habits of animals. He informs me that he is confident that Ap^ and Lemurs do not 
use the pes as a hand, that is, for conveying food to the mouth, &c., unless the anterior 
extremities are already occupied; and this is the more remarkable, because he has 

♦ ArcMves du Museum d’Histoiie NatureEe, 1839, p. 17. 

t “ Hand und Puss,” MtUxis’s Awhiv, 1867, p. 456. 

t Man’s Place in Nature, p. 86. 
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observed the spider-monkeys successfully employ their long prehensile tails to obtain an 
object otherwise out of their reach. He has also noticed that the flying fox, Pteropus 
(to the pes of which no one has applied, as far as I am aware, the term ** hand ”), will 
hold its food in, and eat from, its pelvic extremity. 

As to the constant elevation of the heel above the ground spoken of by Dr. Lucab, 
it has been already observed that, at least in the higher forms (Simiinse), this is not 
the case, especially, perhaps, in the Gibbons, where, in terrestrial progression, the 
pectoral extremities are raised entirely from the ground. 

Thus, physiologically as well as anatomically, the same term may certainly be applied 
to the pelvic extremities of both Man and Apes. 

Some, however, while denying that the term “hand” is applicable to the pes of 
Apes, go yet further and refuse to apply it even to the manus of those animals. 
Burdach observes * that the term “ hand ” applies truly neither to the anterior nor 
to the posterior extremity of Apes ; and just as the word “ foot ” may be so defined as to 
apply exclusively to the pes of Man, so, no doubt, it might be possible to frame such a 
definition of the word “ hand ” as that it should be applicable only to the human 
manus. 

Every one knows that the hand of Man possesses a perfection of structure such as 
exists in the extremity of no other animal ; but this perfection consists in a number 
of minute points and delicate distinctions; and in descending the order Primates we 
are led by small steps from this highly finished structure to the comparatively imper- 
fect manus of Ateles or Hapale. Indeed the difference is small, both anatomically and 
physiologically, between Man and the highest Apes, as compared with that existing 
between the latter and lower forms ; and it is with perfect justice that Professor 
Huxley remarks f , in speaking of the manus of the Marmoset, “ There can be no doubt 
but that the hand is more different from that of the Gorilla than the Gorilla’s hand is 
from Man’s.” Jf, therefore, the same term is to be applied to the manus of all Apes and 
Lemuroids, it is difficult to see how the hand of Man can reasonably be excluded. 

Thus, then, anatomically the pes of Apes agrees in a far greater number of points 
with the foot of Man than with his hand, and similarly the Simian manus resembles his 
hand and differs from his foot. At the same time there is a similar physiological 
resemblance, as the manus throughout remains the prehensile organ, while the pre- 
dominant function of the pes is constantly locomotion. Although, therefore, to avoid 
ambiguity, it would be well in scientific treatises to avoid entirely these disputed 
designations, and to employ instead well-defined and unmistakeable homological terms, 
such as “ pes ” and “ manus ; ” yet, if the former are used, the conclusion ap- 
pears to me irresistible, that of Apes and Lemuroids (as well as of Man) it must be 
said that each and all they are severally provided with “two hands and a pair of 

FEET.” 

* Beitrage zur v^gleichenden Anatomie der Affen, last pa^. 
t Man’s Place in Nature, p. 93. 
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DIMEKSIOKS AND PEOPOETIONS. 

The skeletons which have been measured for comparison are the foUowiiig : — For 
Man, the skeleton No. 5569. in the Museum of the Eoyal College of Surgeons ; for the 
Gorilla, No. 5178; Chimpanzee, No. 5082; Orang, No. 5050; Hylobates, Nos. 5026 
and 5027 ; Colobus, No. 5008 a ; and Semnopithecus, No. 5504, — all in the same collec- 
tion. For Cercopithecus, a skeleton in my own collection ; for Macacus, No. 4991 in 
the Museum of the Royal College of Surgeons; Cynocephalus, Nos. 4719 and 4720; 
Ateles, No, 4687 ; Lagothiix, No. a 4718 a; Cebus, No. 4671 ; Mycetes, No. 4718 b ; 
and Pithecia, No. A 4670, — all in the same collection. For Brachyurus, No. 806 b ; and 
for Callithrix, No. 969 a, — ^bothin the Osteological Collection of the British Museum. 
IMr Chrysothiix, No. 4667, in the College of Surgeons Museum ; for Nyctipithecus, 
No. 4665 a; Hapale, No. 4664 a; Indiis, No. 4631; Lemur, No. 4661a; Loris, 
No. 4633; Nycticebus, No. 4634 a; and Arctocebiis, No. a 4632 a, — all in the same 
collection. For Perodicticus I have used the skeleton No. 743 c in the British 
Museum; and for Galago, No. 68 d, and Tarsius, No. 318 b, both in the same collection. 
Finally, for Cheiromys I have employed the skeleton in the Museum of the Royal 
College of Surgeons. 

In estimating proportions, I have in general only employed one specimen of each 
genus ; and therefore, as there is considerable individual variation, the proportions here 
given are offered merely as approximations to the true standard of each genus. 

An average *, drawn from the comparison of a considerable number of specimens in 
each case, would have been more satisfactory ; but, in the first place, materials for such 
an estimate are not as yet accessible, and in the second, even were they so, the expen- 
diture of time would have been out of proportion to the result. I venture to think, 
therefore, that it may be left to such succeeding observers as may confine themselves 
to special groups, to rectify the results here given. 

Following the happy idea started by Professor Huxley f , I have taken as my main 
standard of comparison (in estimating proportions) the vertebral column, estimating it 
by measuring it along its inferior (in Man anterior) curvature from the anterior (in Man 
upper) end of the atlas to the posterior (in Man lower) end of the sacrum. 

The other dimensions given in the folloudng Tables have been estimated as fol- 
lows : — 

The entire pectoral is measured from the summit of the head of the humerus to the 
distal end of the longest digit, whichever that may be. 

^ Siieli as is given by Mr. GEonon BrsK in his admirable paper On the Cranial and Dental Charactei^ of the 
existing Species of HtfCRna," Journal of the Lmnean Society, vol. ix. p. 59, 1866. 

f Man’s Place in Katnre, p. 71. Dr. Lfcae has not, unfortunately, pursued this plan, but in Man and the 
higher Apes he has estimated the spinal column by measuring from the atlas to the end of the coccyx, while in 
the lower forms ho has measured to the end of the last candal vertebra provided with a complete neural 
arch (he. cit. p. 285). This divergence of mode necessitate a certain discrepancy between my renlts and those 
of Dr. LncAE, neveribeless a considerable eorrespondence exists between them. 

MDCCCLXVII. 3 E 
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The pectoral limb, minus tiie manus, is measured from liie same point above to the 
anterior margin of the distal articular surface of the fore- arm. 

The length of the scapula is estimated by a line drawn from the anterior (in Man 
superior) margin of the glenoid surface to the posterior (in Man inferior) vertebral angle. 

The Humerus is measured from the summit of its head to the distal end of the ulnar 
(or inner) margin of the trochlea. 

The Kadius is measured from its head to the end of the styloid process. 

The Ulna, from the end of the olecranon to that of the styloid process. 

V The MaAus is measured fr-om the distal margin of the radius to the extremity of the 
longest digit. 

The length of the Carpus is estimated by a line drawn from the summit of the semi- 
lunare to the distal end of the magnum. 

The length of the phalanges of the pollex, hallux, and third digits are given, 'as seen 
in skeletons, with the bones articulated together. 

The Pehic limb is measured from the summit of the head of the femur to the distal 
end of the longest digit, the pes being articulated, and the posterior part of the tarsus, 
of course, not counted. 

The same, minus the pes, to the maigin of the inferior surface of the shaft of the 
tibia. 

The length of the os iunominatum has been estimated by a line extending from the 
highest point of the crest of the ilium to the lowest one of the tuberosity of the 
ischium. 

The conjugate diameter of the pelvis is measured from the anterior end of the sym- 
physis pubis to the posterior (in Man inferior) margin of the first sacral vertebra. 

Its transverse diameter is measured (wherever the brim of the true pelvis appears 
widest) in a line at right angles to the long axis of the trunk. 

Its oblique diameter is estimated by a line extending from the ilio-pectineal eminence 
to the summit of the sacro-iliac synchondrosis of the opposite side. 

The ilio-ischial angle No. I. is that formed by the superior (in Man posterior) margin 
of the ischium with the ilio-pectineal line. 

The ilio-ischial angle No. II. is the one made by the same with the upper (in Man 
posterior) margin of the ilium. 

The length of the femur is taken by measuring from its highest to its lowest ex- 
tremity. 

The tibia is measured to the lower end of the internal malleolus.’ 

The length of the pes is taken from the distance between the end of the tuberosity of 
the os calcis and that of the longest digit. 

That of the tarsus, from the posterior end of the os calcis to the distal maigin of the 
ecto-cuneiform *. 

* Hr. Lttcai: measures tMs segment only fiom the front of the articular surface for the dhia ; hen^ there 
must necessarily be discrepancies between his estimates and mine. 
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length and peopobtion pectoral llmb with and without the MANUS. 


Man 

T. Gorilla 

T. niger 

Simla 

Hylobates, 27 . . 
Hylobates, 26 . . 

Colobus 

Somnopithecns . . 
Cercopithecns .... 

Macacus 

Cjmccephalns, 19 
Cynocepbalus, 20 

Ateles 

Lagotbiix 

Cebus 


Pitbecia .... 
Brachyorua . . 
Nyctipithecus 
Callithrix , . 
Chiysotbrix 
Hapale .... 

Indris 

Bemnr .... 
Galago .... 

Loris 

Ufycticebus . . 
Pfflpodicticus 
Arotocebus . . . 

Tarsins 

Gheiromys . , . 


Length fpon 
Btlas to cac^ 
end of saonm 

d|«nti«S^Lll Pectoral limb ' ^ ' Sp^e 100 . ; 
J — manus. pectoral pectoral limb 

1 ■ 1 ,) limb . — manus . 

Indies. 

indies. 



“i 

28-5 

30-50 

' 23-00 

107-3 

1 80*7 

2/'0 

40-75 

! 31-00 

1 150-9 

i 114*8 

22*0 

31-25 

i 22-00 

!| 142-0 

1 100*0 

21*5 

36-70 

' 26-70 

170-6 

i 124-1 

12-3 

25-00 

' 19-10 

' 203-2 


10-9 

24-20 

: 18-20 

! 222-0 

166-9 

18*7 

1715 

' 12-15 

91-7 

64-9 

16-0 

16-50 

! 12-20 

103-1 

76-2 

jLi}*5 

11-90 

1 9-00 

95-2 

7^-n 

12*8 

14-80 

i 11-20 

115-6 


21-3 

25-85 

19-75 

121-3 

92-7 

20-6 

22-10 

16-70 

107-2 

81-0 

12’ 7 

22-20 

16-20 

174-8 

1 *^7-5 

13-2 

16-80 

' 12-50 

127-2 

94-6 

10-3 

11-30 

' 8-30 

109-7 

80-.*; 

14-7 

15-45 

i 11*10 

105-1 


8’5 

8-60 

i 6*20 

101-1 

72-9 

9*7 

10-40 

7-25 ! 

107-2 

74-7 

8-0 1 
10-5 

8-7 

6- 90 

o 

7- 20 

1 4-70 

I 6*40 

; 5*40 

86-2 

? 

82-7 

58-7 

60*9 

62-0 

6’0 

5-00 

3*50 

83*3 

58-3 

18-0 

16-55 

1 11*25 i 

91-9 

62-5 

14*8 

11-30 

! 8*10 . 

76-3 


5*1 

4-40 

2*89 ; 

86-2 

56-6 

5’7 

6-7 

5-85 

*> 

4-65 

9 : 

102-6 1 

81-5 

10-2 

8-15 

5-75 ! 

79-9 ' 

56-3 

6-9 

5-20 

3-90 1 

75-3 ; 

56-5 

3*1 1 

5-80 

4-00 1 

187-1 ! 

129-0 

7*4 j 

9-50 

5-25 ; 

128-3 1 

70-9 
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DIMENSIONS OF SCAPULA. 


Scapula of 

Length 
from an- 
terior end of 
glenoid sur- 
face to pos- 
terior Tcr- 
tebral angle. 

Length of 
axillary 
margin. 

Tertebral 

margin 

following 

curres. 

Vertebral 

margin 

behind 

spine. 

Vertebral 
margin 
measured 
by a 
straight 
line. 

! 

Prom j 

of 'Length of 
glenoidsur- 
l^toTcr-^ ^rfece. 
tebral end ! 
of spine. 

Breadth of 
glenoid 
surfi«». 


inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

inches. 

Man 

6-5 

5*3 

7-4 

4-10 

6‘6 

4-3 

] *5 

1-1 

T. GoriUa 

9-6 

8*0 

11-9 

6-2 

10-0 

6-7 I 

1-9 

1-3 

T. niger 

6’ 6 

5*9 

6-0 

3-3 

6'4 

5-0 i 

]-3 

•9 

Simla 

7*0 

6-4 

5-6 

4-0 

o’O 

3-0 i 

1*6 

1-0 

Hylobates 

3'2 

31 

2-6 

1-15 

2-5 

2-4 i 



Hylobates 

3-05 

2-8 


•9o 

2-0 

2-4 , 



Colobus 

3-7 

3-3 

3-7 

2-1 

30 

2-7 

* i 

■4 

SeranopithecTis 

3-2 

2-6 

3-2 

1-8 

2-4 

2-6 1 


•• 

Cereopitheeus ........ 

2'9 

2-5 

2-1 

1*45 

1-9 

2-4 1 

4-8 

3*4 

Macacus 

3-4 

3-0 

2-5 

L6 

2-0 

2-9 ; 

•8 

•6 

Cynocephalus - 

5-2 

4-4 

4-3 

2-7 

3-0 

4-5 j 



CjTiocepbalus 

4-6 

3-8 

4-5 

3-0 

3-7 

4-2 ' 



Ateles 

3-3 

3-0 

3-1 

1-6 

2-8 ‘ 

2-1 i 

•6 

•45 i 

I Lagothrix 

3-0 

2-7 

2-7 

1-5 

2-4 

2-4 

•6 

•4 , 

i Cabus i 

2*4 

2-2 

21 

1-2 

1-6 i 

1-9 . 

*o 

•3 ! 

j Mycetes | 

3-4 

3-0 

31 

1-8 

2-9 ' 

2-4 j 

•0 

•4 i 

! Pitbecia j 

1-6 

1-4 


1-0 

1-3 : 

1-2 i 

•3 

•2 ! 

1 Braehyurus ! 

i 2-0 

1-8 


1-2 

1-4 i 

1*5 i 

•4 

•23 1 

j Nyctipithecus 

! 1-35 

1-2 


•65 

•8 , 

1-0 ; 


i •• i 

; Callithrix 

1-85 

1-7 1 


1-1 

1-4 1 

i 1-4 i 



! Chrysothrix 

1-7 

1-5 i 

■90 ^ 

1 

M 

1 1-3 1 

•35 

1 -20 ' 

Hapale 

1'25 

1-1 i 


; -65 

•8 

•9 



1 Indris 

3*1 

2*8 ; 

2-3 

i 1-4 

2-0 

; 2-2 j 

•6 

I -3 1 

! Lemur 

2*5 

2-3 

1-2 

i -8 

1-2 

1 2-1 i 

■55 

•3 ! 

i Galago 

I'l 

1-0 


; -35 

•5 

i j 



j Loris 

1*0 

•9 


1 *55 

•7 

'8 i 



Nycticebus 

lo 

1-2 

1-5 

■95 

1-2 

j M i 

•4 ■ 

•2 , 

Perodicticus 

1-6 

1-2 

1-8 

1-15 

1-5 

1-2 

•45 

•23 J 

! Arctocebus 

1-1 

•9 

1-05 

•6 

•95 

1 '85 1 

•25 j 

•15 ' 

Tarsius 

•8o 

•80 


•3 

•35 ^ 

' *75 j 


j 

Cheiromys 

1*4 

1-3 

I 

•80 

•6 

■7. j 

1-2 

•3 

•2 1 
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DIMENSIONS AND PROPORTIONS OF SCAPULA. 


Smpula of 

Length of 
anterior 
margin. 

Spine • 100 
; : length of 
scapula : ? 

Axillary 
margin 
100 : ver- 
tebral mar- 
gin . 

Axillary 
ma rgin ; 
100 : • an- 
terior mar- 
gin- 

Posterior 

vertebral 

angle. 

Angle of 
glenoid 
surface 
with 
spine. 

Angle of 
glenoid 
snrhiee 
with 
axillary 
margin. 

1 

1 

Angle of 1 Angle of 
spine withispine with 
vertebral ! axillary 
margin. | maa^in. 


inches 









Man 

3-4 

22-8 

124-5 

64-1 

40 

80 

135 

95 

oa 

T. GoriUa 

4-3 

35-5 

117-6 

50-5 

34 

90 

120 

110 

30 

T. niger 

2-4 

30-0 

108-4 

40-6 

22 

95 

125 

if 125 
it 135 

20 

24 

Simia 

3-2 

31-4 

00 

oO-O 

35 

80 ; 

In") 

104 

41 

Hylobates . . 

1-75 

26-0 

(86-8) 

j •• i 

{-} 

90 

105 

125 

15 

J Hylobates 

' 1*6 

; 2?9 

71*4 

57-1 i 

j 25 ' 

92 

93 

115 

12 

j Colubus 

1 2-48 

j 19-8 

90-9 

I 

50 ; 

95 

132 

100 

40 

Semnopithecus , . 

1 1-95 




1 50 

i 1 

145 

f 80 
:1 85 

32 

45 

(■orcopitboeus . . 

i 2-18 

■ 23-2 

76-0 

! 87-2 

50 ' 

97 

130 

^ 97 

34 

Macacus 

j 2-7 

1 

' 21-0 

66-6 

i 90-0 

, 60 

95 

.{1^1 

^ 90 

' f 30 
it 37 

i 

j Cynocephalus .... 

j 4-3 

i .. 


j 

; 63 

95 


j CVnocophahus . . , 

3-7 

i 24-4 

92-3 

1 107-6 

‘ 75 

1 93 

! 130 

‘{ 

i 38 

j Ateles 

1-3 

1 25*9 

i 93-1 

i 48-2 

1 

; 30 

^ 95 

110 

' 127 

‘ f 20 

1 

1 Lagothrix 

; 1-9 

1 22-7 

88-8 

' 70-3 

i 50 

! 94 

: 130 

* 95 

35 


Cebus ‘ 

1-5 

Mvcetcs 

2-0 

Pithecia 

1-0 

Braehynrus . . . . i 

1-3 

Nyctipitbeeus ! 

-9 

CaHithrix ' 

1-2 

Chiy-sothrix .... 

1-2 

Hapale ' 

-8 

Indris j 

1-8 

Lemur i 

1-9 

Galago 

‘S 

Loris 

•7 

Nycticebus 

i -9 

Perodicticus .... 

1-1 

Arctocebus 

•7 

Tarsius 

'75 

Cbeiromys 

1-1 


23-3 1 

. 72-7 ' 

68-1 j 

45 

23-1 

96-6 

66-6 j 

48 

l8-8 ' 

1 

02-8 ' 

71-4 ’ 

45 

20-6 1 

77-7 ' 

72-2 

48 

16-8 ! 

06-6 

75-0 ’ 

42 

17-6 ! 

82-3 

70-5 

40 

19-5 

73-3 

80-0 . 

47 

20-8 

72'7 

72-7 ' 

45 

17-2 , 

71-4 ; 

64-2 ' 

45 

16-9 ' 

52-1 > 

82-6 . 

48 

21*5 

50-0 i 

80-0 i 

50 

17-5 

77" 7 

77*7 

49 

22-3 

100-0 ! 

75'0 

43 

15-6 

125-0 1 

91-6 i 

55 

15-9 

105-5 ! 

77'7 i 

35 

27-4 

43-7 i 

1 87-5 ; 

65 

18-9 

60-0 1 

84-6 ! 

65 


85 I 
95 f ' 

136 

103 

30 

85) 

1231 


40 

95/, 

115 j , 


80 

120 : 

95 

45 

801 
90 j 

125 ! 

100 

37 

95 

130 1 

112 

28 

94 1 

135 

110 

35 

93 

130 

90 

34 

97 

130 

lOO 

25 

110 ! 

130 

115 

' 28 : 

110 

126 ; 

120 

20 

105 

128 i 

! 120 

17 

92 

; 130 

' 112 

37 

90 

! 130 1 

1 ]!(» ■ 

42 

98 ' 

1 145 1 

i 95 

1 42 

110 

j 142 

I 110 

i 30 

97 

I 120 

1 95 

i 24 

112 

1 132 

95 

j 20 ^ 
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MB. ST. GEOB^E MIYABT OK THE SEEL^OK OE THE PBIMATM, 


HIMENSIOXS iKT) PBOPOBTIO^sS OF CLAVICLE. 


■ 

Clffnde of 

Xi^gth 

following 

curves. 

1 Length 
t measured 

I 

1 straight 

1 line. 

j 

{ Breadth 
' at 

1 middle. 

1 j 

i Spine : 1(30 
> : ; laagth of 
j clariele : 

Length of 
: 

100; that 
of clavicle 

Length of 
riavicle : 
100 : : its 
breadth : 

Man 

inclies. 

6-8 

inches*. 

60 

inches, j 
'50 

1 

j 21-0 

92-3 1 

8-3 

T. Gorilla 

6-0 

5-9 

•60 j 

21-8 

61-4 

10-] 

T. niger 

5-0 

4-9 

•50 ; 

22-2 

74-2 ! 

10-2 

Simia 

6-8 

6-5 

•50 

28-0 

95*9 

7*3 

Hyiobates 

3*6 

3-58 


' 29*1 

111-8 ; 


Hylobat® 

3-52 

3-50 

•25 

i 32-1 



Colobus 

2-55 

2-4 

•20 

; 12-8 

64-8 

! h'3 

Semnopithectts 

2-55 

2-4 

•25 



1 

Cercopitbecus : 

^ 2-0 

1-83 

•15 1 

j 14-6 

631 

1 

MatmeiK | 

2*4 

2-2 

•20 ; 

, 15-6 

58-8 

I 10-0 

Cynoeephalus i 

i 3-3 

30 

•30 1 

' 14-0 

57-6 

10-5 

Cynowphalus ■ 

3-0 

2*7 

•30 j 



1 11-1 

Ateles I 

2-65 

2-45 

•20 : 

1 19-2 

74-2 


! Lagotbrix 1 

2-7 

2-6 

•20 ; 

, 19*6 

86-6 

1 7-6 

Cebns 1 

1-8 

1-5 

•12 t 

14-5 

62-6 ; 

8-0 

Mycetes j 

2-8 

2-7 

•12 ! 

i 18-3 

79'4 ! 

4-4 

Kthecia j 

1*3 

1*2 

•10 i 

! 14-1 

75*0 j 

8-3 

Bracbyimis ! 

1-5 

1-4 

•13 

1 14-4 

70-0 j 

9*2 

Kyctipitheens j 

M 

•9 

•09 

; 11-2 

66-6 1 

10-0 

Callithrix 1 

1-4 

l'2o 

•09 i 

i 11-9 

67-5 , 

7-2 

CSirysothrix i 

1-25 

1-1 

i -08 : 

' 12-6 

64-7 1 

7-2 

Hapale i 

•85 

•7 

•08 ’ 

‘ 11-6 

56-0 ’ 


Indris 

2-25 

2-10 

•15 

i 11-6 

67-7 ! 

7-1 

Lemur 

1-5 

1-45 

•15 i 

j 9-7 

58-0 ' 

10-3 

Galago 

•83 

•74 

•06 1 

14-2 

67*2 ! 

8*1 

Loris 

1*0 

•8 

•06 i 

! 14-0 

80-0 ; 

8-1 

Kycticebus 

1-15 

105 

•09 , 

16-e 

70-(J I 

8-5 

Perodicticns 

1-4 

1-3 

•13 j 

1 12-7 

81-2 1 

10-0 

Arctocebus 

•89 

•80 

•09 :! 

1 11-5 

72-7 j 


Taisius 

•65 

•45 

•05 [i 

! 14-5 

52-9 1 

10*0 

Qbeiromys 

1-2 

1-1 

•10 I 

14-8 

78*5 j 

9*0 




MS. ST. asosas 31IYAST ON THE SKELETON OF THE PBIMATES. STT 


DIMENSIONS AND PROPORTIONS OF HUMERUS. 


Humerus of 

Length | 
from sum- 1 

mit of head; Breadth of 
to bottom ! shaft at its 
of inner j middle, 
margin of j 
trochlea. 

Breadth of 
Ijoth 

tuberosities 

. Spine ; ! Length of 
Br«idth , 100 I scapula ■ 

between the length of jltKl ; that 
condyles. ' huuieru.s iof humerus 

Length of 
humerus 
100 

breadth o1 
its shaft . 

Length of 

humerus * 

im • , ^Ou . . 

wZofi “ 
it,s tube- i 
rosities. 

j dyles : 

. 

inches. 

inches. 

inche-.. 

inches. 





1 

Man 

13-4 

•85 

1-8 

2-55 

47-0 

206-1 

6-3 

13-4 

! 19-0 

Oorilk 

17-4 

1-25 

2-2 

3-55 

64-4 

181-2 

7-1 

12-6 

i 20-4 

T. niger 

11-7 

•9 

U35 

2'7 

53-1 

177-2 

7-0 

]4'1 

■ 23-0 

Simia 

13-8 

•9 

J-8 

2-65 

' 64-1 

197-1 

G-5 

13-0 

19-2 

Hjlobates 

9*1 

‘35 

•70 

1-0 

' 73-9 

284-3 

3-8 

7-6 

, 10-9 

Hylobatcs 

9-0 


•65 


82*5 

295-0 




Colobus 

0-25 

•43 

•92 

1-07 

33-4 

169-9 

6-8 

14-7 

17-1 

Bomnopithecus . . 

5-75 

•39 

•S3 

1-12 

35-9 

179-0 

6-7 

14-4 

19-4 

C'Greox>itbeeiis .... 

4-52 

■37 

•65 

•69 

, 36-1 

207-3 

8-1 

14-3 

j 15-2 

Ifacacus 

0-75 

•40 

•90 

1-2 

44-9 

3 69-1 

6-9 

15-6 

j 20-8 

C^Tiocephalus .... 

9-2 

•78 

l-3o 

1-88 

43-1 

176-9 

8-4 

14-6 

! 20-4 

Cynocephaliis .... 

8*3 


1-35 

1-88 

40-2 

180-4 

S-G 

16-2 

j 22-6 

Ateles 1 

7-7 

•35 

•75 ! 

1-07 

60-G 

233-3 

4-5 ^ 

8-9 

13-8 

: Lagothrix ' 

0-65 

•40 

•79 

1-05 

52-3 

221-6 

6-0 

11-8 

15'/ 

CY‘bus 

4-35 

•20 

•57 

•82 

' 42-2 

181-2 

6-6 

13-1 

18-8 

■ Mycetes f 

0-8 

•41 

•85 ' 

115 

39*6 

170-5 

7-0 1 

14-6 

■ 19-8 

Pithed a 

3-30 

•19 

•44 ; 

•05 

38-8 

206-2 

5-7 

13-3 

19-6 

j Brach^mrus ... . 

4'].> 

•23 

•54 ' 

•70 

; 42-7 

207-5 

5-5 

13-0 

’ 16-8 

1 Nyctipithecus . . . . ' 

2-51 

•13 

•32 ; 

•48 

31-3 

185-9 

6-3 1 

12-7 

19-1 

[ Callitbrix 

3-3 

•20 

•43 

•01 

33-3 

189-1 

5-7 

12-2 

174 

Chrysothrix . , 

2-8 

•20 . 

•39 

•51 

32-1 , 

164-7 , 

7-0 

13-9 

lv2 

1 Hapjile . ... 

1-8 1 

•13 ' 

•28 

•38 

30-0 ' 

144-0 ‘ 

7-2 , 

35-5 

. 21-1 

1 Indria 

5-15 ! 

•32 

•70 

1-14 

28-6 

166-1 

6-2 

13-5 

22-1 

I.emiir ! 

4-05 1 

•30 ' 

•62 ' 

•03 

27-3 ' 

162-0 ; 

7-4 

15-3 

22-9 

Galago 

1-02 i 

•11 ! 

•25 

•4(1 

31-7 , 

147-2 i 

6-7 

15-4 

' 24-(? 

1 Lfjris ‘ 

2*25 ' 

•12 ' 

•28 . 

•31 

39-4 i 

225-0 1 

0*3 1 

12-4 

13-7 

j Nveticsebtis ' 

2-45 } 

•18 

•36 1 

•52 

36-5 1 

163-3 

7-3 ' 

14-2 

21-2 

! Perodictieus .... 

2-90 1 

•25 

•50 j 

•73 

28*4 1 

JSl-2 

8-G ; 

17-2 

25-1 1 

1 Aretocebiis i 

2-05 ! 

•12 

•28 ! 

•38 

29-7 i 

186-3 ; 

5-8 1 

13-6 

' lS-5 1 

Tarsius ........ [ 

1-2 : 

•10 

•21 ; 

•31 

38-7 ! 

141-1 : 

8-3 

17-5 

25'S ! 

Cheiromys ! 

2-65, 

•23 ■ 

•55 

•78 

35’ S 

1S9-2 ; 

i 

8-6 

20-7 

' 29-4 ! 

; ! 
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ME. SI. 0EOEeE MIVAET OK THE SKELETON OF THE PEIMATES. 


BIMEXSIONS -\XI) PROPOIITIONS OF KADIUS AND ULNA. 


^dius and ulna of 

Lei^i 

radius. 

Transverse 
diameter of 
its distal end. 

Length 

of 

ulna. 

'i Spine : K 
'' : : lengtli 
radiihs . 


inches. 

inches. 

inches. 


Man 

9*90 

1*40 

10*85 

; 34*7 

T. Gorilla 

14*20 

1*80 

15*00 

52*5 

T. niger 

10*90 

1*31 

11*60 

49*5 

Simla 

13*65 

1*54 

14*25 

03*4 

Hylohates 

10*13 

•61 

10*30 

82*3 

Hylohates 

9*55 

•60 

9*75 

f 87*6 

Colobus 

5*68 

•63 

6*60 

30*3 

Senmopitheeus 

6*25 

•64 

7*00 

39*0 

Cercopitheeus 

4*4 

•45 

5*00 

1 35-2 

Macacus 

5*50 

•62 

6*25 

;• 42*9 

Cjnocephalus 

10*18 

•95 

11-00 

[ 47-7 

Cynoeephalus 

8*35 

•99 

9*25 

j| 40-5 

Ateles 

8*00 

•00 

8*70 

62*9 

Lagothrix 

5*90 

•53 

6*70 

jj 44*6 

Gehus 

3*68 

•41 

4*20 

35*7 

Mycetes 

5*40 

•54 

6*10 

36*7 

Pithecia 

2*80 

•31 

3*20 

f 32*9 

Brachyums 

3*15 

•39 

3*73 

I 32*4 

Nyctipithecus 

2*25 

; *23 ! 

2*50 

! 28-1 

Cdlithrix i 

2*95 1 

! -31 

3*30 

! 28*0 

Chrysothrix 

2*60 1 

•29 

3*00 

j 29-8 

Hapale 

1*50 

1 -16 

1*87 

i' 25*0 

Indris 

6*00 1 

•52 

6*80 

i :33*3 

Lemur 

i 3*71 i 

1 *40 

4*60 

' 25-0 

Galago 

i 1*67 I 

•15 I 

1 1*90 

32*7 

Loris 

2*48 , 

•17 ! 

‘ 2*64 

’ 43*5 

Nyctieehus 

2*30 1 

■23 1 

i 2*60 

34*3 

Perodictieus 

3*10 ! 

! *36 I 

i 3*50 

30*3 

Arctocebus 

2*10 i 

1 *17 

i 2*23 

: 30*4 

Tarsius 

1 *55 

i *14 1 

1 1*72 

50*0 

CheiromTs ' 

2*50 

! -35 

3*00 

; 33*7 


Length of 
mmerus : 100| 
: : that of 
radius . 


L. 


73-8 
81-6 
931 
98>9 
111*3 
106*1 
90*8 
108*6 
97*3 
95*6 
110*6 
100*6 
103 * 8 ^ 
88*7 
84*5 
93*1 
■ 84*8 
0o*2 
75*9 
89*6 
84*2 
92*8 
83*3 
116*5 
91*6 
103*0 
110*2 
93*8 
106*8 
102*4 
129*1 
94*3 


* Sometimes in Ateles the radius is shorter than the humerus. 
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DIMENSIONS AND PROPORTIONS OF MANUS. 


1 

! 

J Manus of 

Length 

of 

manus. 

Spine : 10( 

. : nianus . 

Best of 
pectoral 
limb : 100 
: ; manus : 

Radius ; 
100:: 
manus : 

Length 
' of 
carpus 

1 

iSpine : 100 
l: : length of 
i t»rpus ; 

Length nf 
carpus : ItK) 
■-•its breadth 


inches. 

7*50 

26-3 

32-6 

75*7 

inches. 

1-4 


161-5 


9*75 

36-1 

31-4 

68-6 

1*5 

5-5 

166-6 


9-25 

42-0 

42-0 

84-8 

1-25 

, 5-6 

160-O 


10-00 

46-5 

37-4 

73-2 ' 

1-42 

, 6-6 

147-8 


5-90 

47-9 

30-8 

58-2 ; 


6-00 

55-0 

32-9 

62-8 i 

•73 

6-0 

82-1 


5-00 

26-7 

41-1 

88-6 ■ 

* -65 

3-4 

138-4 


4-30 

26-8 

35-2 

68-8 

•80 

5-0 

113-7 


2-90 

23-2 

32-2 

65-9 

•53 

4-2 


3-60 

28-1 

32-1 


•60 

4-6 

166-(} 


6-10 

28-6 

30-8 

59-9 ,j 

1-08 

! 5-07 

! 4-5 

150-9 


5-40 

26-2 

32-3 

64.6 ! 

•93 

154-8 

Ateles 

6-00 

47-2 

37-0 

75-0 ' 

-65 

' 5-1 

107-6 

* Lagothrix 

4-30 

! 32-5 

34*4 

72-8 

*59 ! 

1 4-4 

144-0 

i Cebtis 

3-00 

i 29-1 

36-1 

81-5 

1 *43 ; 

1 4-1 

125*5 

i Mycetes 

4-3o ! 

' 29-5 

39*1 

80-5 1 

•65 ! 

1 4'4 

135-3 

1 Pithecia 

2-40 

' 28-2 

i 38*7 

85-7 : 

1 *45 j 

1 5-2 

113-3 

Brachyurus 

315 

32-4 

43-4 

100-0 : 

•45 1 

1 4-6 

144-4 

NTctipithecus 

2-20 

' 27-5 

46*8 

! 97-7 ; 

! -28 

3-5 

142-8 

Callithrix 


Chrysothrix 

1-80 

i 20-6 

33-3 

69-2 

•34 : 

s’-o 

126-4 

Hapale 

1-50 

25-0 

42-8 

100-0 i 

•21 

3-5 

157-1 

Indris 

5-30 : 

29-4 

47-1 

88-3 , 

'58 I 

- 3-2 

134-5 , 

Lemiir 

3-20 1 

21-6 

39-5 

86-2 ! 

•57 

1 3-8 ; 

128-0 

Gralago 

l-ol i 

29-6 

46-G 

90-4 i 

•17 ' 

3-4 ; 

142-8 

Loris 

1-20 j 

21-0 

25-8 

48-3 j 

'18 

3-1 

144-4 1 

Nyeticebus . 

1 

i 


Perodicticua 

2-40 ' 

23-6 j 

41-7 

77-4 j 
63-7 1 

■44 

4-3 

96-6 i 

Arctocebus 

1-30 1 

18-8 1 

33-3 

•25 

3-6 , 

96-0 1 

Taraius 

1-80 1 

58-1 1 

45-0 

116-1 ! 


i 


Cheiromys 

4-25 

57-4 

80-9 

170-0 ' 

•50 ; 

6-7 ! 

114-0 1 



3 P 


MDCCKJLXrn. 
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DIMIKSiaNS (W MAmJS. 


Maaus of 

Length of fir.st me- 
tacarpal 

Length of second 
metacarpal. 

Length of third me- 
tacarpal. 

Length of fourth 
metacarpal. 

Length of fifth me- 
tacarpal. 

Length of first pha- 
lanx of pollex. 

Length of second 
phalanx of pollex. 

First phalanx of 
third digit. 

Second phalanx of 
third digit. 

Third phalanx of 
third digit. 

Length of index 
with metaearpal. 

I 

‘otS 

tL 


inches 

i inches.' inches 

inches i inches 

inches. 

inches. 

inches 

inches. 1 inches 

mebos. 

inches. 













3rd- 

Man 

1*74 , 2-70 

: 2-60 

2-30 

1-97 

1-23 

•97 

1-80 

1-24 

•83 

6-0 

6'47 

T. (Gorilla 

1-S2 

1 3'75 

■ 3-72 

3*48 

3-30 

MO 

•To 

2-29 

1-60 

•82 

7*65 

8-43 

T. niger 

1-30 

3-38 

3-45 3-23 

2-98 

1-11 

•80 

2*25 

1-74 

•83 

7*25 

8‘27 

Simia 

2-00 

3-81 

3-93 

3-67 

3-37 i 1-10 

•60 

2-80 ; 1-74 

•85 

8-35 

9*32 

HTlobates 

Ml 

2-20 

2-20 

1-98 

1-77 

•70 

•36 

1-66 

M3 

•50 

5-18 

5'49 

HTlobates ...... 

1-20 

2-23 

2-09 

1-85 

1-62 

•78 

•42 

1-72 

1-18 

•52 

5-37 

5-51 

Colobus 

•67 

1-62 

1-70 

1-63 

1-61 

•22 


1*31 

•99 

•43 

3-80 

4*43 

Semnopitbecns . . 

•81 

1-67 : 1-76 

1-70 

1-69 

'49 

•17 

M8 

•73 

•32 

3*80 

3*99 

Cercopitheeus .... 

•63 

1*03 

•96 

•92 

•87 

•35 

•20 

•70 

•45 

•27 

2'20 

2-38 

Macacus 

•90 

1*40 

1-39 

]-33 

1'29 

•50 

'24 

•96 

•63 

•30 

3-10 

3-28 

Cvnoeephalus .... 

1-60 

2-32 , 2-30 

2-30 

2'36 

'90 

'50 

1-44 

•90 

•48 

4*77 

5*12 

C^oeephal-Qs .... 

1-40 

2-06 

2-00 

1-97 

2-00 

'80 

'42 

1-35 

•85 

•52 

4-40 

4-72 

Ateles 

•93 

1-84 

1-92 

1-84 

1'80 

9 

* • 

1-48 

1-03 

•52 

4-55 

4*95 

Lagothrix 

•81- 

1-11 

1-26 

1-25 

1'12 

'73 

'47 

1'23 

•82 

•46 

3-40 

3-77 

Cebus 

•65 

•84 

'90 

•86 

'72 

'51 

'33 

•82 

•53 

•35 

2-31 

2-60 

Mycetes .... 

•87 

1-20 

1-23 

1.19 

I'lO 

•73 

'49 

1-28 

•81 

•42 

3-40 

3-74 

Pithecia 

•50 

•64 

•70 

•71 

•03 

'37 

'24 

•70 

•44 

•21 

1-69 

! ^lU 

1 2*09 

Brachyurns 

•00 

•72 

-81 

•81 

•70 

'50 


•83 

•58 

•• 


! 













1 3rd. 

Kyctipitheeus .... 

•37 

•oo 

•58 

•56 

•48 

•38 

■17 

■60 

•42 

•15 

1-55 

1-75 

C^lithrix 












1-27 

Ghrysotbrix .... 

•43 

•57 

•58 

■56 

•50 

•40 

•17 

•54 

■39 

•18 

1*57 

1-69 

Hapale 

•31 

•41 

•45 

'43 

•35 

•29 

•19 

•39 

'27 

1 -18 

1-18 

1-29 













4th. 

Indris 

1-10 

1-67 

1-87 

1'85 

1-84 

•98 

•42 

1-60 

•91 

‘40 

s-so 

4*82 

Lemur 

•63 

•97 

•98 

‘91 

•88 

•61 

■24 

•96 

•01 

•23 

2*58 

2-80 

Galago 

'29 

•34 

•42 

'39 ; 

•34 

•26 

•11 1 

■45 

•39 

9 

'89 

? 

Loris 

•27 

•23 

•31 

•30 

•25 

1 -23 

•11 1 

* -34 

•21 

‘10 

•72 

I'OO 

KycticeBns 

j 





1 . 







Perodicticus .... 

'41 i 

'40 

•65 

'63 

’•61 

j -40 

•28 ; 

•69 

•31 

•20 

•80 

2’65 

Arctocebus 

•30 

*23 

•32 

'32 

i -30 

! *26 

•20 

■28 ' 

•15 

•10 

•44 

Ml 







i 






3rd. 

Tarsius .... 

'37 

•44 

'50 

•43 

•36 

•28 

•19 

•62 

•45 

‘13 

1*44 

1-70 





! 




1 




4th. 

Cbeiramys 

'43 

1 -811 

1-12 i 

'80 1 

; -66 

•62 

•49 

1-40 1 

•68 

‘24 

2-72 

3*77 
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381 


PROPORTIONS OF MAITOS. 


Manus of 

M .. 

“ 1 
SI 

H 

.i’l 

m 

$ i 

Mi§ 

If 

S- 

2'§>i 

oa 

k 

si 

1 s 

m 

Spine : 100 : • inetaear- 
pal of poUex ; 

Metacarpal of pollex : 

100 : : metacarpal of 
index * 

Metacarpal of third 
digit : 100 . - its proxi- 
mu phalanx : 

Longest digit : 100 • : 
polTex with metacar- 
pal : 

Manus : 100 : : third 
metacarpal : 

1.. 

■ ET 

il 

..s 

S S' 

sf 

o 

s 

Manus : lOO : . pollex 
without its metacar- 
pal ■ 

Manus ; 100 ■ thir^l 
digit Without its me- 
tacarpal : 

*2 5c • 

III 

Sc 1 

l§l 

Man 

13-8 

22-7 

21*0 

6*1 

155-1 

69-2 

60-8 

34*6 

52-5 

24*0 

29-3 

51-6 

143-3 

T. GorUiu 

13-0 

31*2 

28*3 

6*7 

206*0 

61*5 

43*5 

39*1 

37-6 

23*4 

18*9 

48*3 1 125-6 

T. niger 

14-5 

37-5 

32*9 

5*9 

260*0 

65-2 

38*8 

38-3 

35-6 

25*0 

■21-2 

53-5 

139-7 


17*2 

43*3 

38*8 

9*3 

190*5 

71*2 

39*6 

39-3 

37-0 

28*0 

17-0 

53-9 

137-1 

i Hylobatcs 

17'6 

44*6 

42*1 

9*0 

203*6 

75-4 

33*4 

35-4 

35-0 

26*7 

17*0 

53-0 

145-5 

i Hylobatcs ... 

20-0 

50*5 

49*2 

31*0 

185*8 

82*2 

36*8 

32-6 

37-5 

26*8 

18*7 

53-4 

153-3 

Colobus 

4-7 

23*1 

20*3 

3*5 

241*7 

77-0 

20*0 

34-0 

17-8 

26-2 

4-4 

54-6 

160*5 

Semnopitbcctis . . 

9'1 

24-9 

20*6 

50 

206*1 

65*1 

36*8 


34-1 

26-9 17-2 

51-3 1 126-7 

Ccreopithecus . . . 

9’4 

19*2 

17*6 

5*0 

155*5 

72*9 

48*9 

33*1 

40-6 

24*2 

25*8 

48-9 

137-8 

Macacns 

12-8 

25*6 

24*2 

7*8 

165*5 

69*0 

50*0 

38-6 

45-5 

^26*6 

20*5 

52*5 

135-0 

Cjnocephalus .... 

14-0 

24*0 

22 3 

7*5 

145*0 

62*6 

58*5 

37*7 

49-1 

23*6 

22*9 

46*2 

121*5 

Cyuoccphaltts .... 

1 12*7 

22*7 

21*3 

6*7 

147*1 

66-0 

54*6 

37*0 

48-5 1 

24*4 

22*5 

49-8 : 132-0 

Ateles 

! 7*1 

38*9 

35*8 

7*1 

202*1 

77-0 

18*3 

32-0 

15*1 1 

24*6 


50-5 , 157*1 

Lagothrix 

15*2 

! as*5 

25*7 

61 

137*0 

97-6 

53*3 

29*3 

46-7 I 

28*6 

27-9 

58-3 1 199-2 

Cebus 

; 14*4 

^ 25*2 

22*4 

6*3 

129*2 

911 

57*3 

30*0 

49*6 I 

27*3 

28-0 

56-6 

188-8 

Mycctes 

1 14-2 

25-4 

1 23*1 

5*9 

137*9 

104*0 

55-8 

29*0 

48*6 

29*7 

28-3 

58-3 

204-0 

Pithecia 

13*0 

24-5 

' 19*8 

5*8 

128*0 

102*8 

53-1 

29*5 

46*2 , 

30*4 

25-4 

57*5 

200-0 ( 

Bi’acb\Tinis 



1 

6*1 

120*0 

102*4 

.. 

25*7 


26-3 



1 

Nyctipithecus .... 

li-o 

21*8 

1 19*3 

4*6 

148*6 

103-4 

52-5 

26-4 

4i*8 1 

27*2 

24-1 

53-1 : 201*7 1 

Callitbrix 




.. 









■ • ! 

Chrysothrix . . . 

li*4 

19*4 

' 18*0 

4*9 

132-5 

93-1 

59*1 

32*2 

1 55-5 , 

30*0 

31-6 

61*6 

191-3 ! 

Hapale 

13*1 

21*5 

19*6 

5*1 

132*2 

' 86-6 

61*2 1 

30*0 ; 

1 52-6 ! 

26-0 

32-0 

56-0 

186-G 

Indris 

13*8 

27*0 

21*1 

1 6*1 

151*8 

85-5 

51*8 

36-4 ' 

4T-1 

30*1 

26-4 

54-9 

158-8 

Lemur 

10*0 

: 18-9 

17*4 

1 4*2 

153-9 

97-9 

52*8 ; 

30*6 

44-6 

3t>-0 

26-0 

56-2 

192*8 

G^pgo 

12*9 


37*4 

5*6 

117-2 

107-1 ; 


I 27*8 

43-7 ; 

29-8 

24-5 


250-0 

Loris 

; 10*7 

17*5 

12*6 

; 

85-1 

109-6 

61*0 

1 25*8 

50-8 j 

28*3 

28-3 

54-1 

225*8 

Nycticebxis 














PerodicticTis 

30*6 

20*1 

7*8 

4*0 

I 97-5 

106*1 

53-1 

‘ 27-0 

45-4 ; 

28-7 

28-3 

50-0 

218-4 

Arctoeebus 

11*0 

16*0 

6*3 

4*3 

76*6 

87*5 

68-4 

24*6 

58*4 1 

21-5 

35-3 

40-7 

246*8 

Tarsius 

27*0 

54-8 

46*4 

11*9 

118*9 

124*0 

49-4 

27*7 

46*6 ! 

34-4 j 

26-1 ! 

66-0 

254-0 

Cheiromys 

20*8 

50*9 

36*7 

5*8 

' 141-8 ! 

130*3 

74*2 : 

26-3 j 

36*2 i 

34-3 1 

26-1 

56-0 

205-1 i 


3p2 





MR. ST, ammR mivabt ok the skeleton of the fbimates. 


TAKGTH AKD PROPOKTIONS OF PELVIC LIMB WITH AND WITHOUT THE PES. 


Pelvic limb of 

Length 
of entire 
pelvic 
limb. 

Pelvic 
limb 
— pes. 

Spine : 100 
: : pntire 
pelvic limb; 

Spine : IOC 
; - pelvic 
limb — ^pes : 

Entire 
pectoral 
limb; 100 
; . entire 
pelvic limb 

Pectorel 
limb — 
manas : 
100 • • pel- 
vic limb — 
pee. 

Man 

inches. 

41-20 

inches. 

33-40 

144-5 

117-1 

135-0 

145-2 

T. GoriUa 

34-82 

26-50 

128-9 

98-1 

85-4 

85*4 

T. niger 

28-00 

21-00 

127-2 

95-4 

90-3 

95-4 

Simia 

30-25 

19-60 

140-6 

91-1 

82-4 

73-4 

Hylobates 

19-95 

15-45 

162-1 

125-6 

78-8 

80-8 

1 Hylobates 

18-50 

13-80 

169-7 

126-6 

75-2 

75-8 

Colobus 

22-15 

15-70 

118-4 

83-9 

129-1 

129-2 

Semnopithecus 

21-80 

15-93 


85-1 

132-1 

130-5 

Cercopithecus 

14-60 

10-70 

li6-8 

85-6 

122-6 

118-8 

Macaeus 

17-71 

12-91 

138-3 

100-8 

119-6 

115-2 

Cynoeephalus 

26-90 

20-30 

126-3 

95-3 

104-0 

102-7 

C'ynocephalus 

24-10 

18-35 

116-9 

89-0 

109-0 

109-8 

Ateles 

20-81 

14-90 

163-8 

101-5 

93-7* 

91-9 

Lagothrix ! 

17-70 

12-90 

134-0 

97-7 

105-3 

103-2 

Cebus i 

13-58 

9-96 

131-8 

96-6 

120-1 

120-0 

Mycetes I 

16-50 

11-77 

112-2 

80-0 i 

106-7 

106-0 

Pithecia 1 

11-15 

7-90 

131-1 

92-9 

129-6 

127*4 

Brachyurus 

13-10 

9-28 

: 135-0 

95-6 

125-9 

128-0 

Kyctipithecus 

9-33 

6-43 ) 

1 116-6 

80-3 

! 135-2 

136-8 

Callithrix 


8-81 


83-9 


137-6 

Chrysothrix 

9-70 

■ 6-78 

! iii-4 

79-3 

1 134-7 

127-7 

Hapale 

6-65 

4-63 

‘ 110-8 

77-1 

1 133-0 

132-2 

Indiis'’ 

23-93 

17-40 1 

1 132-9 

96-6 

144-5 

154-6 

I^mur 

1 14-32 

10-88 ;j 

i 96-7 

73-5 1 

126-7 

134-3 

Galago 

1 7-38 

I 5-05 

144-7 

99-0 

167-7 

174-7 

Loris 

6-63 

5-03 ' 

116-3 

88-2 1 

113-3 

108-1 

Nycticebus 


5-42 


80-8 



Perodieticus ...... 

9-17 

6-72 

89-9 

65-8 


lie-s 

Arctocebus 

5-88 

4-51 : 

85*2 

65-3 

lis-o 

115-6 

Tarsius 

7-57 

5-08 i 

244-1 

163-8 

130-5 

127-0 

Cheiromys 

10-47 

6-99 ! 

140-5 

94-4 

110-2 

133-1 


Sometimes, as in Ko. 4690 in the Museum of the Eoyal College of Surgeons, the entire pelvic limb 
is slightly longer than the entire pectoral one. 
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DIMENSIOXS OF OS INN03£INATU3f. 


Ck innominatum of 


6 o g I 
■"^.S 1 

i"lj 

p-oi 

I 

i bS s : 

if.l! 


II 


! I" 


H 

ll-S 


|3 





1 inch®!. 

inches. 

inches.' inches 

inches, inches i inches.' 

inches | 

inches.: inches. 

inches 



1 

Han 

9-30 

9-20. 

6-50 3-80 

1-45 : 4-60 

1-40 i 2-19 1 

4-50 

4-80 

4-75 

180 

113 

140 t 

T. Gorilla 

14-75 

11-60 

8-50 ' 8-80 

3-1 

5-90 

2-00 

2-11 i 

7-00 i 

6-00 

5-30 

130 

150 

180 

I T. niger 

11-50 

6-00 

4-25 i 6-95 

1-80 

3-90 

1-80 

1-49 

5-40 

5-00 

4-00 

120 

172 

180 

I Simia 

9*85 

0-50 

5-00 ; 5-50 

1-80 

3-48 

1-80 

1-73 

4-50 

4-50 

3-71 

125 

153 

173 

Hvlobates 

4-75 

2-75 

1-83 3-10 

•60 

1-62 1 1-20 

•78 i 3-00 

2-75 

2-25 

110 

140 


' Hvlobates 

4-75 

2-40 

1-63 . 3-25 

•60 : 1-78 

1-25 

•70 i 2-95 

2-50 

1-64 

130 

147 

147 

t’olobus 

5-50 

1-82 

1-45 3-45 

•40 ; 2-00 

1-66 

•70 

2-00 

2-20 

1-93 

102 

140 

152 

Scmnopitbecus . . 

6-40 

1-75 

1-26 3-63 

•53 

2-10 

1-76 

•84 

2-12 

2-12 ! 1-57 

110 

160 

162 

, Cereopithecus . , . . 

4-30 

1-25 

1-02 : 2-78 

•68 

1-60 

•94 

•51 




110 

162 

170 

i Hacaeus 

5-40 

1-70 

1-33 , 3-13 

•84 1 2-02 

1-35 

•68 

2-i2 

2-01 

1-80 

108 

164 

178 

Cynocephalns .... 

7-87 

2-75 

2-20 4-75 

1-25 

2-75 

215 

1-00 

2-72 

3-12 

2-64 

110 

160 

165 

Cynoeephalus 

7-80 

3-00 

2-50 4-70 

1-40 , 3-10 

2-40 

1-16 

3-00 

2-92 

2-50 

110 

162 

]85 

Ateles 

4-93 

2-20 

1-54 2-93 

1-00 

1-68 

•90 

■70 

2-93 

2-65 

1-95 

125 

175 

fl67 

1180 

' Lagotbrix 

4-S5 

1-75 

1-09 3-35 

•53 

1-75 

•93 

•70 

2-82 

2-43 

1-70 

113 

170 

185 

Cebus 

3-31 

1-00 

•73 2-36 

•60 

1-40 

•80 

•43 i 1-58 

1-50 

1-28 

107 

187 

192 

, Mycetes 

4-50 

1-55 

1-04 3-08 

•60 i 1-73 

•90 

•69 

2-60 

2-52 

1-84 

115 

! 175 

' 178 

Pithecia 

2-20 

' -05 1 

•50 1-00 

•36 

•90 

•60 

•44 

1-00 

1-05 

•64 

* 125 

i 180 ! 

195 1 

' Bi'achviirus 

2-79 

i i 

•70 1-93 

•64 

1-28 

•60 

•50 

1-47 

1-35 

•82 

125 

180 ' 

207 

! Xyctipithecus 

1-97 

1 -44 1 

•34 1-41 

•35 

•90 

•39 

•32 

•86 

•91 

•66 

; 115 

184 ! 

187 ' 

' CaHithrix 

' 2-Gl 

•70 , 

•56 1-84 

•40 

1-10 , -60 

•42 

MO 

1-09 

■91 

130 

160 

175 

j Cbrysothrix .... 

! 2-25 

•70 

•55 1-60 

•28 

•84 

•51 

•29 

•88 

1-03 

•86 

125 

160 

180 

' Hapale 

i 1 -50 

i -41 * 

•34 , 1-09 

•21 

•65 

•49 

•19 

•60 

■72 

■52 

115 

160 

165 

i Indris ......... 

' 4-52 

2-00 ; 

1-55 3-25 

•60 

1-88 

1-06 

•81 

1-88 1 1-80 

1-57 

135 

137 

165 ' 

, Lemur 

! 3-70 

•80 ' 

•62 2-64 

•47 

1-54 

•63 

•61 

1-50 

1-60 

1*45 

120 

165 

165 1 

Galago 

! 1-52 

•30 : 

•29 1-19 

•19 

•60 

•24 

•22 

•90 

•74 

1 -50 

115 

166 

162 i 

I Loris 

i 1-46 

•31 I 

•30 MO 

-08 

•50 

•13 

•23 

•74 

•71 

•33 

88 

170 

! 180 ; 

1 Xyetieebus 

2-02 

•40 j 

•33 1-54 

•17 

•79 

•31 

-30 

1-35 

1-11 

•71 

108 

174 

170 

1 Perodicticus .... 

2-65 

•46 

•45; 2-03 

•19 

101 

•18 

•46 

1-69 

1-34 

1-09 

119 

166 

172 ; 

1 Aretocebns ...... 

H67 : 

•32 1 

•30 1-29 

•11 

•54 

•18 

•24 

1-15 

•98 

•61 

117 

168 

160 1 

i Tarsius 1 

H7l 

•24 i 

•24' -93 

•14 

•43 

•1!) 

•17 

•70 

•68 

•48 

98 

172 

166 ! 

j Cheiromys 

2-30 

•51 1 

•41 1 1-49 

•48 

1-09 

■46 

•46 

•94 

•89 

•70 

125 

165 

104 1 


I. = angle formed by ischinm mth ilio-pectineal line. 11. angle formed by ischinm witb npper (in Mmi 
posterior) mai^in of ilium. 



384 MB. ST. GEOBS-E MIVABT Olf THE SKELETON OF THE PBIMATE3. 


PHOPOETIOIfS OP OS INNOMINATUM. 


Os imioininatum. of 

Spine : 100 : ; extreme length 
of 00 innominatum : 

Spine : 100 ; : crest of ilium 
measured by a straight 
line ; 

Spine : 100 •. : length from 
ileo-pectmeal eminence to 
tuberosity of ischium ; 

i^s 

III 

ill 

ill 

•s g's 

111 

Spine ; 100 : • distance be- 
tween inferior (in Man an- 
terior) spinous processes • 

1 

O .. 

!i 

■7.2 

§1 

® 

c 

■&< 

Breadth of pclris : KX) : : 
length of OB innomina- 
tum *. 

Conjugate diameter of pel- 
yis 5 HX) ; : ite breadth ; 

Length of femur : 100 ; : 
that of o.s innominatum : | 

Man 

32*6 

22*8 

16*1 

23*5 

7*0 

4*8 

195*7 

105*5 

50*2 

T. Gorilla 

54-6 

31*4 

21*8 

14*3 

16*6 

7*4 

278*3 

75*5 

101*0 

T. niger 

52-2 

19*3 

17*7 

12*9 

22*7 

8*1 

287*5 

74*0 

100*0 

Simla 

45-8 

23*2 

16*1 

17*5 

16*0 

8^3 

265*4 

82*0 

96*5 

Hylobates 

38'6 

148 

13*1 

16*4 

16*2 

9*7 

211*1 

75*0 

56*8 

Hylobates 

43-0 

149 

16*3 

14*7 

16*0 

11*4 

289*6 

55*5 

G41 

Colobus 

29-4 

7*7 

10*6 

12*7 

13*1 

8*8 

284*9 

96*5 

07*9 

Semnopithecus . , 

34-1 

7*8 

13*1 

15*3 

16*5 

11*0 

347*7 

74*0 

65*0 

Cercopithecas . . . w 

34*8 

8-0 

12*8 

11*6 


7*4 



81*1 

Macacos 

42-1 

10*3 

15*7 

12*5 

18*9 

10*5 

300*0 

849 

81*0 

Cynocepbalas .... 

36*9 

10*1 

12*9 

12*7 

19*7 

10*0 

298*1 

97*0 

71*5 

Cynocepbalus .... 

37*8 

12*1 

150 

14*8 

18*2 

i 11*1 

312*0 

83*3 

78*0 

Ateles 

38*8 

12*1 

13*2 

14*1 

17*7 

i 7*0 

252*8 

66-0 

63*2 

Lagotbxix 

36-7 

8*2 

13*7 

14*4 

16*4 

! 7*0 

285*2 

60*2 

71*3 

Cebus 

32-1 

7*0 

13*5 

12*9 

16*0 

1 7*7 

258*0 

81*0 

64*2 

Mycetes 

30-6 

7*0 

11*7 

15*3 

141 

6*1 

244*0 

70-7 

71*7 

Pithma 

2o-8 

5-8 

10*8 

20*0 

11*7 

7*0 

343*7 

64*0 

J53*6 
. ISo-O 

Braebyurus 

28-7 

7*2 

13*1 

17*9 i 

13-0 

6*1 

340*2 

55*7 

58*1 i 

Jlyelipiriieeos . . . .' 

24'6 

1 42 

11*2 

16*2 

10*6 

48 

298-4 

76-7 

60*6 1 

C^litbrix 

248 

> 5-3 

10*4 

16*0 

10*6 

5*7 

286*8 

82*7 

59*1 ! 

Chrysethrix 

25'8 

1 6*3 

9-6 

12*9 

12*8 

5*8 

261*6 

97*7 

- 646 i 

Hapale 

25-0 

5*6 

10*8 

12*6 

10*1 

8*1 

288*4 

86*6 

66*6 

Indris 

25*1 

8*6 

10*4 

17*9 

11*3 

5*8 

237*9 

83-5 

; 48*0 

I^mur 

25-0 

41 

10*4 

16*4 

13*8 

4*2 

258*7 

95*3 

63*7 

Galago 

29'8 

5*6 

11*7 

14*4 

17*2 

47 

304*0 

55*5 

56*7 

Loris 

25-6 

52 

8*7 

15*7 

149 

2*2 

442*4 

44*5 

57*2 

Nyoticebus 

30-1 

47 

11*7 

14*8 

15*9 

4*6 

274*6 

52*5 

i 70*3 

Pepodictieus .... 

25*9 

44 

9*9 

17*3 

13*7 

1*7 

243*1 

64*0 

! 77*9 

iAretocebos 

242 

4*3 

7*8 

143 

140 

2*5 

273*7 

53*0 

1 71*3 

. TaiAis 

37*7 

7*7 

13*8 

14*5 

22-9 

6*1 

243*7 1 

68*5 

; 46*0 

dibriroinys 

31*0 

5*5 

14*7 

20*0 

13*1 

6*2 

328*5 ! 

74*4 

1 67*3 



m 0E(m0E HIVAET OK THE SKELETOK OE THE PEIMATm 


DBfENBIONS OF FEMUR. 


Femur of 

Length 

of 

femur. 

TransFerse 
diameter 
at its 
middle. 

Antero- 
posterior 
diameter a 
ihe same 
part. 

Extreme 
width 
at the 
condyles. 

Angle 
formed by 
neck with 
diaft. 

1 Angle 
! formed by 
i shaft with 
horizon. 


i inch^. 

inches 

inches. 

inches. 



Man 

18-50 

1-05 

1-13 

3-15 

135 

103 

T. GoriUa 

14*60 

1-57 

1'26 

3-56 

128 

96 

T. niger 

; 11-50 

1-10 

•83 

2-30 

fl 351 

1 140 f 

90 

Simia 

10-20 

-90 

' -76 

2-30 

155 *^ 

98 

Hylobates 

8-35 

'38 

•37 

1 1-02 

ri 35 i 

1 145 / 

92 

Hrlobates 

7-40 

'37 

•39 

•93 

130 


Colobus 

8-10 

•17 

•49 

1-14 

135 


Bemnopithecns 

8-40 

'42 

•48 

1-22 

135 

97 

Cercopitbecns 

5-37 

'37 

•33 

•74 

135 

93 

Macacus 

6-66 

'40 

•46 

1-06 

145 

92 

Cynocepbalns 

11-00 

-70 

•72 

1-49 

133 


Cynocepbalus 

10-00 

•71 

•74 

1-61 

130 

98 







r 95 

Ateies 

7-80 

j -45 

•42 

1-17 

145 

4 or 


! 

1 




99 

Lagothrix 

6-SO 

i '40 

•42 

•94 1 

135 

95 

Cebus 

5-15 

•29 

•30 

1 -76 I 

135 

95 

Mycetes 

6-27 

•47 

i -37 

i 1-02 

137 : 

97 

Pitbceia 

4-10 ! 

•22 

•20 ' 

I *64 

145 

95 

Braebjurus 

4-80 i 

'24 

•23 1 

1 -72 ! 

140 1 

91 

Kyctipitbecns 

3-25 i 

•17 ! 

•16 

•49 

140 


Callithrix 

4-41 

'22 i 

•21 

•60 

140 j 

93 

Cbrysothrix 

3-48 ; 

' -20 j 

•20 i 

•46 

138 ; 


Hapale 

2-25 ' 

•14 i 

•14 ! 

•34 

130 i 


Iiidris 

^ 0-40 

•47 ; 

•48 

1-00 

125 

90 

Lemur 

5-80 

•34 ; 

•36 

•79 

132 

f 92 

1 103 

Galago 

2-68 

•14 j 

•15 

•30 

145 

90 

Loris 

2-55 

•13 j 

•12 

•33 

145 

95 

Kycticebus 

2-87 

•19 

•19 

•46 

145 

95 

Ferodicticns 

3-40 

•27 

•27 

•53 

145 

92 

Arctocebns 

2-34 

•13 

•14 

•34 

145 

95 

Tardus 

2-54 

•10 

•13 

•22 

135 

94 

Cbeiromys 

3-43 

•23 

•22 

•63 

140 

95 




3S6 


ME, SX, GEOBaE MTAET OX THE SKEEETOK OF THE PETMATES* 


PEOPORTIONS OF FEMUE» 


Femur of 

Spine : 100 : t 
length of femur : 

Huraerue : 100 
; : length of 
femur : 

Length of femur 
; 100:: its breadth 
at condyles : 

Length of femur 
: ItX) : : la-eadth 
of its : 

Man 

64-9 

138-0 

17-0 

5-6 

T. Gorilla .... 

54-0 

83-9 

24-3 

10-7 

T. niger ...... 

52*2 

98*2 

20-0 

9-5 

Simla 

47*4 

73-9 

22-5 

8-8 

Hylobates .... 

67-8 

91-7 

12-2 

4-5 

Hylobates .... 

67-8 

82*2 

12-5 

5-0 

Colobus 

43-3 

129-6 

14-0 

5-8 

Semnopitbecua , 

52-5 

146-1 

14-5 

5-0 

Cercopithecus . , 

42-9 

118-8 

13-7 

6-8 

Macacus 

52-0 

115-8 

15-9 

6-9 

Cynocephalus . . 

51*6 

119-5 

13-5 

6-3 

Cynoeepbalus . . 

48-5 

120-4 

16-1 

7-1 

Ateles 

61-4 

101-3 

15-0 

5*7 

Lagothrix .... 

51*5 

102-2 

13-8 

5-8 

Cebus 

50-0 

118-3 

14-7 

5'6 

Mycetes 

42‘6 

109-0 

16-2 

7-4 

Pitheeia 

48-2 

124-2 

15-6 

1 5-3 

Braehynrue . . 

49-4 

115-6 

15-0 

5-0 

Xyctipitbecna . . 

40-6 

129-4 

15-0 

5-2 

C^itbrix .... 

42*0 

126-0 ‘ 

13-6 

4-9 

Chrysotbrix . . 

40*0 

124-2 

13-2 

5-7 

Hapale 

37*5 

125-8 

15-1 

6-2 

Indris 

52*2 

182-5 

10-6 

1 5-0 

Lemur ...... 

391 

143-2 

13-6 

i 5-8 

Galago 

52-5 

165-4 

11-1 

i 5-2 

Loris 

44-7 

113-3 

12-9 1 

5-0 

Xyeticebus .... 

42-8 

117,1 

16-0 i 

6-6 

Perodicticus , , 

33-3 

117-2 

15-5 


Arctoeebus 

33-9 

114-1 

14-5 

5-5 

Tamus 

81-9 

211*6 

8-6 

' 3-9 

Cheiromys .... 

46*3 

129-4 

lS-3 

6-7 




m. ST, GEOBOE MITAET (M THE SKELETON OE THE PEIMATEB. 1ST 


DIMENSIONS AND PEOPOBTIONS OF TIBIA. 


Tibia of 

Lffligtb of 
titm 

Greatest 

breadtb 

between 

tuberosi- 

ties. 

Antero- 
posterior 
diameter 
of shaft. 

Spine : 100 
: : length of 
tibia : 

Femur; 100 
: length of 
tibia : 

Humerus 
: 100: : 
length of 
tit^ : 

Badius 
: 100 : ; 
length of 
tibia : 

Length of 
tibia : 100 
: : antero- 
posterior 
dumeter of 
shaft : 

Length of 
tibia ; 100 
: ; width at 
tuberosi- 
ti^ : 

Man 

incbee. 

14-90 

inches. 

2-87 

inches. 

1-61 

52-2 

80-5 

111-1 

1.50-5 

10-8 

19-2 

T. Gorilla .... 

11-90 

3-40 

1-74 

44-0 

81-5 

68-4 

83-8 

14-6 

28-5 

T. niger 

Simla 

9-50 

2-33 

1-17 

431 

82-6 

81-0 

87-1 

12-3 

24-5 

9-40 

2-30 

1-16 

43-7 

92-1 

68-1 

68-8 

12-3 

24-4 

Hylobates .... 

7-10 

1-02 

•50 

57-7 

85-0 

78-0 

70-0 

7-0 

14-3 

Hylobates 

6-40 

-93 

.50 

58-7 

86-4 

71-1 

67-0 

7-8 

14-5 

Colobus 

7-60 

1-17 

•70 

40-6 

93-8 

121-6 

133-8 

9-2 

15-4 

Semnopithecus . 

7-53 

1-23 

•72 

47-0 

89-6 

130-9 

120-4 

95 

16-3 

Cercopithecus . . 

5-08 

•71 

•40 

40-6 

94-5 

112-3 

115-4 

7-8 

13-9 

Macacus 

6-25 

1-11 

•53 

48-8 

93-8 

108-6 

113-6 

8-4 

17-7 

Cynocephalns . . 

9-30 

1-57 

•89 

43-6 

84-5 

101-0 

91-3 

9-5 

16-8 

Cynocephalus . . 

8-35 

1-66 

•91 

40-5 

83-5 

100-6 

100-0 

10-8 

19-8 

Ateles 

7-10 

1-12 

•57 

55-9 

91-0 

92-2 

88-7 

8-0 

15-6 

Lagothrix .... 

6-10 

■99 

•52 

46-2 

89-7 

91-6 

103-3 

8-5 

16-2 

Cebus 

4-81 

•74 

•44 

46-7 

93-3 

110-5 

130-7 

9-1 

15-3 

Mycetes 

5-50 

•99 

•58 

37-7 

87-7 

94-8 

101-8 

10-5 

18-0 

Pithecia 

3*80 

•61 

•27 

44-7 

j 92-6 1 
194-6} 

115-1 

135-7 

7-1 

16-0 

Braebyurtis .... 

4-48 , 

•74 

•32 

46-1 

93-3 

1 107-9 

142-2 

7-1 

16-5 

Nyctipithecus . . 

3-18 

•48 

•28 

39-7 

97-8 

126-6 ; 

141-3 

8-8 

15-0 

Callithrix .... 

4-40 

•56 

•31 

41-9 

99-7 

125-7 

149-1 

7-0 

12-7 

Chrysothrix . . 

3*30 

•47 

•29 

37-9 

94-8 

117-8 

126-9 

8-7 

14-2 

Hapale 

2-38 

•30 

•20 

39-6 

105-7 

132-2 

158-6 

8-4 

12-6 

Indris 

8-00 

1-06 i 

•65 

44-4 

85-1 

155-3 

133-3 

8-1 

13-2 

Lemnr 

5-08 

•78 : 

•50 

34-0 

87*5 

125-4 

136-9 

9-8 

15-3 

Galago 

2-37 

•41 : 

•20 

46-4 

88-3 

146-2 

141-9 

8-4 

17-3 

Loris 

2-48 

•32 

•15 

43-5 

97-2 

110-2 

100-0 1 

6-0 

12-9 

Nycticebtis .... 

2-55 

•47 

•17 

38-0 

81-8 

104-0 

110-8 ! 

6-6 

18-4 

PerodicticTis , . 

3-32 

•60 

•27 

32-5 

97-6 

114-4 

107-0 

8-1 

18-0 

Arctocebus .... 

2-17 

•30 

•13 

31-4 

92-7 

105-8 

103-3 

5-9 

13-8 

Tamils ; 

2-54 

•25 

•18 

81-9 

100-0 

211-6 

163-8 

7-0 

9-8 

€5heironiys .... 

3-56 ; 

•59 1 

•24 

48-1 

103-7 

131-3 

142-4 

6-7 

16-5 


MDCCCLXVII. 


3g 




^ .m oh tee ssmmmM of mB wsm^sm. 


DIMENSIONS AND PBOPOETIONS OF PES. 


Pes of 

Length of pes. 

Spine ; IQO : : 
pes : 

Best of pelvic 
limit : 100 : ; 
pes ; 

Tibia : 100 : : 
pes: 

1 

i'i 

I" 

O » 

r 

1 ^ 
•^f 

( 

8" 

1^1 

|i 

IP.. 

Ifll 



incbea. 

10-10 

35-4 

30-2 

67-7 

134-6 

ine^. 

4-70 

1 16-4 

46-5 

48-0 

335-6 

50-0 

T.OoriUa .... 

11-20 

41-4 

42-2 

94-1 

114-9 

4-45 

i 16-4 

39-7 

56-1 

296-6 

81-3 

T, niger 

8*85 

40-2 

42-1 

93-1 

f • 95-6 1 

1 101-8 1 

3-20 

14-5 

36-1 

62-5 

256-0 

94-6 

Sinaia 

11-50 

53-4 

58-6 

122-3 

115-0 

34)7 

14-2 

26-6 

56-9 

216-1 

163-8 

Hylobates .... 

5-00 

40-3 

32-3 

70-4 

84-7 

1-40 

11-3 

28-0 

50-0 


150-0 

Hylobates .... 

5-13 

47-0 

37-1 

80-1 

85-5 

1-40 

12-8 

27-2 

55-0 

191-7 

157-8 

Colobns 

7-17 

38-3 

45-6 

94-3 

143-4 

2-19 

11-7 

30-4 

43-1 

336-9 

125-5 

Semnopithecns . 

6-84 

42-7 

42-9 

90-8 

159-0 

2'm 

14-3 

33-6 

42-6 

^7-5 

97-3 

CercopitheciB . . 

4*62 

36-9 

43-1 

90-9 

159-3 

1-53 

12-2 

33-1 


288-6 

106-7 

Macaens 

6-00 

46-8 

46-4 

96-0 

166-6 

1-91 

14-9 

31-8 

50-7 

318-3 

113-6 

Cynoeephalns . . 

8-10 

37-7 

39-9 

86-0 

131-1 

2-67 

12-5 

32-9 

53-5 

247-2 

102-6 

C^ocephaluB . . 

7-40 

35-9 

40-3 

88-6 

137-0 

2-61 

12-6 

35-2 

60-5 

280-6 

90-4 

Ateles 

6-82 

53-7 

45-1 

96-0 

113-6 

1-84 

14-4 

26-9 

53-2 

283-0 

152-1 

Lsgothrix .... 

5-70 

43-1 

44-1 

93-4 

132-5 

1-80 

13-6 

31-5 

41-1 

305-0 

131-8 

CebiK 

4-40 

42-7 

44-1 

91-4 

146-6 

1-42 

13*7 

32-2 

40-1 

330-2 j 

119-7 

Myeeies 

5-70 

38-7 

48-4 

103-6 

131-0 

1-70 

11-5 

• 29-8 

49-4 

261-5 

138-8 

Pithecia 

3-72 

43-7 

47-0 

97-8 

155-0 

1-17 

13-7 

, 31-4 

45-2 

260-Q 

123-0 

Braehyums 

4-30 

44-3 

46-3 

95-9 

136-5 

1-40 

14-4 

32-5 

42-1 

311-1 


Nyctipiiheens . .' 

3-23 

40-3 

50-2 

101-5 

146-8 

1-01 

12-6 

31-2 

36-0 

360-7 

122-7 

CaUithrix. .... 












Chrysoihrix. . . . 

3-k 

36-7 

47-1 

96-9 

177-7 

-97 

li’-l 

30-3 

3^9-1 

285-2 

125-7 

Hi^pale 

2-35 

39-1 

50-7 

98-7 

156-6 

•66 

11-0 

■ 28-0 

^•3 

330-0 

131-8 

Intes 

7-05 

39-1 

40-5 

88-1 

133-0 

1-92 

10-6 

27-2 

45-8 

331-0 

163-5 

Lemnr 

4-50 

30-4 

41-3 

88-5 

140-6 

1-60 

10-8 

35-5 

40-0 

280-7 

111-2 

Gala^ 

2-57 

50-3 

50-8 

108-4 

170-1 

1-24 

24-3 

48-2 

16-9 

723-5 

76-6 

Loris 

1-82 

31-9 

36-1 

73-3 

151-6 

•58 

10-1 

31-8 

44-8 

322-2 

170-6 

Nyctieebns 












Perodicticns . . 












Arctocebus 

1-k 

23-7 

36-3 

75-5 

126-1 

•50 

7-2 

30-4 

48-0 

200-0 

164-0 

Tarsins 

2-72 

87-7 

53-5 

107-0 

151-1 

1-22 

39-3 

44-8 

15-5 


80-3 

Cheiromys 

4-02 

54-3 

57-5 

115-5 

94-5 

1-23 

16-6 

30-5 

34-9 

246-0 

152-0 


* In tlte skeleton No. 5083 a. the pes is a little longer than the marnis, not so in N<^. 5082 & 5084. 
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DIMENSIONS OP PES. 


P^of 

Length of first meta- 
tarsal. 

*03 

fs 

1 

1 

•s.-' 

t 

J 

4 ' 

1 

■s 

1 

s 

it 

1 

■B 

Is 

«•! 

1 

Second phalanx of 
hallux. 

First phalanx of third 
digit. 

Second phalanx of 
third digit. 

Third plialanx of 
third digit. 

Length of index with 
its metatnr,«al, 

|l 

® g 

wii 

Length of os calcis. 

£ 

J 

0 

1 

0 

fi 

Dor.sum of cuboid. 

ll 
41 
M s 

•si 

c'S 

a 


inch. 

inch. 

inch. 

inch. 

inch. 

inch . 

inch 

inch. 

inch 

inch. 

mch. 

inch 

2nd 

5-35 

3rd 

inch. 

inch 

I inch 

inch. 

Man 

2-44 

3-00 

2-82 

2-70 

2-95 

1-50 

1-03 

1-00 

•48 

1 .47 

5-35 

3-17 

•62 

1-27 

2-35 

T. ■Gortlla 

2-46 

3-20 

318 

3-11 

3-40» 

1-32 

•85 

1-77 

1-20 

•70 

6-50 

6-80 

3-26 

•50 

■95 

3-62 

T. niger 

2-08 

2-71 

2'«2 

2-35 

2-63 

1-20 

•90 

1-48 

•96 

•60 

5-60 

5-65 

2-40 

•40 

■80 

3*03 

' Sinaia 

1*95 

3-70 

3-60 

3-30 

3*18 

-98 

? 

2-63 

1-51 

•80 

8-25 

8-63 

2-10 

•46 

•80 

5-03 

Hjlobates .... 

1-33 

1-72 

1-59 

1*49 

1-45 

•62 

•37 

1*09 

•68 

■33 

3-53 

3-69 

-94 

-23 

•47 

2-10 

Hylobates .... 

! Colobus 

1*36 

l*67il-57 

1-47 

1-43 

•68 

•49 

1-11 

•70 

•40 

3-53 3-78 

■89 

•20 

•40 

2*21 

1-34 

2-25 

2-44 

2*40 

2-34 

•62 

•30 

1-30 

•95 

•50 

4-32 519 

1-44 

•31 

•48 

2*75 

Semnopithecus 

1-34 

2-20 

2-28 

2-32 

2-42 

•55 

•24 

1*18 

•75 

•31 

4-12' 4-52 

1-60 

•31 

•54 

2-24 

; Ocrcopithecns , . 

•93 

1-39 

1-49 

1-44 

1-30 

•45 

•29 

•86 

•46 

•31 

2*70i 3-12 

1-03 

•22 

•38 

1*63 

1 Macacos 

1-29 

1*79 

1-89 

1-86 

1-85 

•65 

•30 

1*07 

•70 

•40 

3-55. 4*06 

1-32 

•27 

•49 

217 

■ Cynocephalus . . 

2-13 

2-56 

2-67 

2-60 

2-67 

•94 

•53 

1-14 

•88 

•41 

5-13i5-41 

1-84 

•37 

•72 

2-74 

j Cynoeephalus . . 

1-80 

2-30 

2-38 

2-28 

2-27 

•81 

•50 

1-19 

• 8 ? 

•35 

4*69; 4-74 

1-83 

•32 

•64 

2-36 

; A-teles 

1-29 

2-15 

2-03 

2 - 00 . 

2-04 

•80 

•46 

1-40 

*90 

•50 

4-69 4*83 

1-43 

•33 

•49 

2-80 

i Lagothrix .... 

1-13 

1-62 

1-62 

1-61 

1-60 

•73 

•40 

1-19 

•80 

•42 

3-80' 4-03 

1-25 

•28: 

•36 

2-41 

Cebus 

•00 

1-23 

1-32 

1-29 

1-28 

•50 

•34 

•88 

•64 

*28 

2*86 3-02 

•99 

•15 

•37 

1-70 

'Mycetes 

1-21 

1-60 

1-71 

1-70 

1*58 

•72 

•43 

112 

•79 

•45 

3*80; 4-07 

1 4th 
2-30 2-64 

1-21 

•25 

•43 

2-36 

Pithecia 

•75 

1-09 

1-18 

1 - 20 : 

1-23 

•42 

•28 

•71 

•50 

•25 

•83 

•20 

•23 

1-44 

Bradiyams .... 

-79 

1-29 

1-34 

l-39j 

1-50 

•54 


•82 

•58 



3rd 

2-24 

•94 

•23 

•35 


Nyctipithecus . . 

•60 

I'OO 

1-00 

1-011 

1-01 

•40 

•20 

-61 

•43 

•20 

2 - 09 ! 

•65 

•20 

•27 

1-24 

C^thrix .... 




. . ! 









•85 




Grysothiix .... 

•63 

1-03 

1^3 

1-051 1-09 

•39 

•*23 

•*58 

•41 


2-12; 2-25 

•68 

•22 

•'26 

1-22 

Hapsde 

•41 

•72 

•82 

■83 

•84 

•24 

*11 

1 -42 

•28 

•17 

1-52' 1-70 

•47 

•li 

•19 

•87 

Indris . . . . w . . 

1-95' 

2-00 

2-04 

2-07 

2-02 

1*15 

•60 

|l-71 

1*05 

■44 

.. ;5-21 

1-37 

■31 

•53 

314 

I^nr ........ 

1-06 

1-25 

1-21 

1-14 1-15 

•61 

• 32 ! 

! -94 

•62 

•22 

2-8i; 2-92 

1-00 

•24 

•46 

1-78 

j 

-45 

•42 

•43 

•40 

•<L2 

•30 

•17i 

•18 

i -46 

•27 

•10 

1-13: 1-35 

•97 

•69 

•26 

•95 

j Irf)ris 

•47 

•45 

•47 

•43 

•44 

•27 

•51 

•34 

•14 

1 -11 1 -49 

•36 

•12 

•IT 

•99 

! Nycticelms .... 



.. 1 



I Perodicticns . . 

’•60 

■’58 

•68 

•66 

•65 

■45 

•31 

•71 

' -41 

•24 1-40 2-24 

•57 

•21 

’26 

1-58 

I Aretoc^bus .... 

•41 

-33 

•35 

•34 

•33 

•29 

•21 i 

•34 

•18 

•13 

•90 1-16 

•34 

•09 

•14 

•82 

j Tarsius 

•46 

•411 

•52 

•54 

■50 

•31 

•13j 

•42 

-20 

•11 

• 95 ; 1-52 

1-13 

•83 

•101 

•98 

Cheiromys .... 

•87 

•91| 

•98 

•99^1*00 

•48 

-30 


•60j 

•40j 2-50' 2-86 

• 8.5 

•19' 

•34:i-87| 


* Including the backwardly extending process, otherwise the fifth metatarsal is shorter than the fonrth- 


3g2 
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PROPORTIONS OP PIS. 


Pes 

Spine ; 100 : : hallux with 
metatarsal : 

Spine : 100 : ; longest digit 
with metatarsal ; 

Spine ; 100 : ; index with 
metatarsal : 

Spine : 100 ; : metatarsal 
of hallux : 

Longest digit ; 100 : : hal- 
lux with metatarsal : 

Pes : 100 : : second meta- 
tarsal : 

V 

SI 

s 

t 

Ph 

s 

S 

li 

il 

s 

s 

Pes : 100 : ; third digit 
without metatarsal : 

lii 

O’-' , 

t|'! 

1 

i 

L 

Longest metatarsal : 100 : : 
longest digit without meta- 
tarsal : 

t| 

11 

il* 

il- 

f a"® 

p-i 

Index of manus : 100 : : 
that of pes : 

1 

S 

§ 

.1 

1 

1 

§ 

1 

6 

Man 

17-4 

18-7 

18*7 

8*5 

92*8 

29*7 

49*2 

25*0 

19*3 

82*6 

78*3 

126*1 

89-1 

11*1 

40*0 

T. GoriJla .... 

17-1 

25-1 

24*0 

9*1 

68-0 

28*5 

41*3 

19*3 

32*7 

80*6 

113*1' 

126*1 

84*'9 

12*0 

28*5 

T. niger 

18*2 

25*5 

25*4 

9-4 

73-9 

30*6 

47*2 

25*1 

34*2 

68*3 

111*8 

130*2 

77*2 

10-9 

33*3 

Simia 

13*6 

40-1 

38*3 

9*0 

33*9 

32*1 

25*4 

8*5 

42*9 

92*5 

135*9 

79*1 

98*8 

9*7 

38*1 

Hylobates .... 

18*8 

30-0 

28*6 

10*8 

62*8 

34*4 

46*2 

19*8 

42*0 

67*2 

122*0 

106*9 

68*1 

7*6 

50*0 

Hylobates .... 

23«2 

34-6 

32*3 

12*4 

66*9 

32*5 

49*3 

22*8 

43*0 

68*6 

132*3 

105*4 

65*7 

8-1 

44*9 

Colobns 

12-0 

27-7 

23*1 

7*1 

43*5 

31*3 

31*5 

12*5 

38*3 

117*3 

112*7 

253*9 

113*6 

7*7 

33*3 

Semnopithecus . 

13-3 

28-2 

25*7 

8*3 

47*1 

32*1 

31*1 

11*5 

32*7 

113*2 

96*5 

144*8 

124*8 

10*0 

33*7 

Cercopithecus . . 

13*3 

24-9 

21*6 

7*4153*5 

30*0 

36*1 


35*7 

131*0 

109*3 

141*5 

122*0 

8*1 

36*8 

Macacus 

18-1 

31*7 

27*7 

10*0 

57*3129*8 

38*8 

15*8 

36*1 

123*7 

114*8 

141*4 

114*5 

10*3 

37*1 

Cynocepbalus . . 

16-9 

25*4 

24*0 

10-0 

66*5' 31*6; 44*4 

18*1 

33*7 

105*6 

102*4 

120*0 

107*5 

8*6 

39*1 

C^ocephalns . . 

15-1 

23*0 

22*2 

8*7 

65*6 

31*0 42*0 

17*7 

31*8 

101*0 

99*1 

118*7 

106*5 

8*8 

1 34*9 

Ateles 

20-0 

38*0 

36*9 

10*1 

52*7 

31*5! 37*3 

18*4 

41*0 

97*5 

130*2 

280*2 

103*0 

11*2 

34*2 

Lagothrix .... 

17-1 

30*5 

28*7 

8*5 

56*0 

28*4 39*6 

19*8 

42*2 

106*8 

148*7 

112*4 

111*7 

9*4 

28*8 

Cebus 

16*8 

29*3 

27*6 

8*7 

57*6 

27*9; 39*2 

19*0 

38*6 

116*1 

128*7 

116*7 

123-8 

9*6 

37*3 

Myeetes 

16-0 

27*6 

25*8 

8*2 

57*9 

28*0 

41*4 

20*1 

41*4 

108*8 

138*0 

112*9 

111-7 

8*2 

35*5 

Pithecia 

17-0 

31*0 

27*0 

8*8 

54*9 

29*3 

38*9 

18*8i 

38*7 

126*3 

120*0 

130*6 

136*0 

9*7 

25*3 

Brscbyuras . . . 




8*1 


30*0 









9*6 

37*2 

Nyctipithecus . . 

15-0 

28*0 

26-1 

7-5 

53*5 

30*9 

37*1 

CO 

37*7 

128*0 

122*7 

132*6 

134*8 

8*1 

41*5 

C^ithrix .... 















8*1 


Chiysotlirix . . 

14-3 

25*8 

24*3 

7*2 

55*1 

32*1 

39*1 

19*3 

38*1 

133*1 

lio-i 

125*0 

1^*0 

7*8 

38*2 

Hapale 

12-6 

28*3 

25*3 

6*8 

44*7 

30*6 

32*3 

14*8 

37*0 

132*5 

106*0 

96*2 

128*8 

7*8 

40*4 1 

Indris 

20*5 

28*9 


10*8 

71'0| 28*3 

52*4 

24*8 

45*3| 

108*0 

1 151*6 

148-0 


7*6 

38*6 

Lemur 

13-4 

19*7 

18*9 

7*1 

68*1' 27*7 

44*2 

20*6 

39*5 

104*2 

142*4 

134*4 

108*9 

6*7 

46*0 

Galago 

18-0 

26*4 

22*1 

8*8 

68*1 

16*3 

35*7 

18*2 

32*2 



! 220*9 

139-3 

126*9 

19*0 

26*8 

Loris 

161 

24*9 

19*4 

8*2 

64*7 

24*7 

50*5 

24*7 

54*3 

142*0 

210*6 

150-8 

154*1 

6*3 

47*2 

Nycticebns .... 










• • 







Perodicticiis . . ; 

13-3 

21*9 

l'3*7 

5*8 

60*7 





109*2 

' 232*3 


166*6 

55 

45*6 

Arctocebns .... 

13-1 

16-8 

13*0 

5*9 

78*4 

20*1 

55*4 

30*4 

39*6 

104*5 

234*2 

li9*7 

204-5 

4*9 

41*1 

Tarsius 

29-0 

49-0 

30*6 

14*8 

59*2 

150 

33*1 

16*1 

26*8 

89*4 

181*4 

107-1 

65*9 

36*4 

8*8 

Cheiromys .... 

22-2| 38-6 

33*7 

11*7 

57*6 

22*6 

41*0 

19*4 

46*5 

75*8 

188*8 

107*1 

91-9 

11*4 

40*0 


EXCEPTIONAL FORMS. 

Having now enumerated the principal modifications in the form, size, and proportions 
of the several segments and bones entering into the compodtion of the appendicular 
skeleton, it is desirable to consider the more remarkable points of structoe presented 
by some of the most specially modified and peculiar forms of the order, such as Man, 
the Orang, Hapale, Indris, Loris, Tarsius, and Cheiromys. 
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Man. 

Although the arm and hand of Man are exceeded in absolute length by the pectoral 
limb of Troglodytes and Simia, yet his leg, both with and without the foot, presents 
an absolute length of limb such as exists in no other member of the Order. 

The length of the whole pectoral limb, compared with that of the spine, is remark- 
ably short when contrasted with the proportions existing in the highest Apes ; but some 
of the lower Simiidse and Cebidse resemble Man closely in this re^ct, while in others 
of them, as also in all the Lemuridae, it (the whole pectoral limb) has a less relative 
length (often much less) than in him — ^Arctocebus fallin g almost as much below Man, 
in this respect, as the Chimpanzee exceeds him. 

The proportion borne by the arm without the hand to the spine presents us with 
nearly similar conditions. 

The length of the whole pelvic limb, when compared with that of the spine, is con- 
siderably greater than in the majority of the Order; nevertheless this relative size is 
approached in Simla and Cheiromys, equalled in Galago, surpassed in Hylobates * and 
Ateles, and very greatly so in Tarsius, in which it much more exceeds the next greatest 
proportion than that of Man exceeds that of the smallest of the Order. 

The length of the leg without the foot, compared with that of the arm without the 
hand, is still more exceptional, far exceeding, as it does, that of any other Primates ex- 
cept Indris and Galago ; yet in those genera it is considerably greater still. 

The proportion borne by the leg without the foot to the spine is much greater than 
in any other of the Primates, except Hylobates and Tarsius, where it is still greater ; in 
the last, indeed, exceeding the proportion in Man more than that exceeds the proportion 
existing in any other forms save only Perodicticus and Arctocebus. 

The scapula is sui’passed in absolute size by that of the Gorilla, and is nearly equalled 
by that of the Chimpanzee and that of the Orang. 

If its axillary margin be taken as the standard of comparison, then the vertebral mar- 
gin is longer in Man than in any other Primate, except perhaps Perodicticus, and much 
longer than in any one except the Gorilla; while the anterior margin is considerably 
shorter than in any others of the Primates, except the Simiinse, Ateles, Indris, and 
sometimes, perhaps, Mycetes. 

The posterior vertebral angle is more acute than in most species of the Order, and 
greatly more so than in some ; nevertheless it is not so acute as in the Simiinae, Ateles, 
and Arctocebus. 

The anterior vertebral angle is sharp and marked f to a degree rarely, if at dl, met 
with in the Order besides, except in Troglodytes. 

* Professor Hvxlet truly observe that, thus compared, Hylobates is as much longer in the legs than Man, as 
Man, is longer in the legs than the Gorilla. — Mau’s in Nature, p. 72. 

t Not however, in the male and female Boschisman, Nos. 5357 k 5357a. in the Mimeum of the Royal 
College of Surgeons. 
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The angle formed by the q^ine of the scapula with the axillary margin is probably 
more obtuse than in any other Primate. 

bn^th <rf the jgteaoid snrfeee, compaied iU m gneato in almost 

any etimx of nevertheless it is ^proachcd by of the Gorilla, and ex- 

ceeded, som^iM® at lea^ by that of Ateles. 

33ie of the impraspinons fc^sa to the infica^inous one k gtanlW than in 

gimt Imik of the Order ; nevertheless it is laiger thfm in the Pithedmae, Hy^cebas 
^d^radus, and Tarsius. 

Urn antaioT mar^ is scarcely ever convex, and the suprascapular notdi is well 
marked, thus differing from the ^mndse and Lemurcddea ; but then in many of the 
Cebidae it is much more defined than in Man. 

Ihe suifoce fin the teres major is more strongly marked than in the Simiinae, or than 
in Indris, Loris, and Nycticebus, but it is not so much so as in others, e. ff. the lower Si- 
miidae, Cebus, and Chrysothrix. 

At the vertebral end of the spine there is a flat triangular surface, absent or less 
marked in mc^t, but present in Mycetes, Loris, and Arctcjcebna 

The root of the spine approaches the glenoid surface more nearly than in the Gorilla 
and Hylobates, but yet not so doseiy as in the lower ^miidse and Cebid®. 

Unlike the bulk of the Primates, the infraspinous foi«m, close to the glenoid surface, 
is wider than the supraspinous one ; but then Perodicticus, Pithecia, Loris, and Hyc- 
ticebus resemhk Man in this respect. 

The spine differs from that of most Primates in not being grooved below (in aU but 
Man hddnd) at its base; but then it is not so either in the Sirniinae, Ateles, Indris, or Loris. 

The coracoid process is largely developed, and projects more away from the glenoid 
surface than in any Simiidse ; in mai^y of the Lemnroadea, however, it is much the same 
as in Man (Pi XU. fig. 2), 

The acromion is so produced that (the long axis of the glenoid surface being vertical) 
it would Of nearly so^ a plane bisecting the glenoid surface vertically and produced 
upwards ; and it rises at least as high as does the coracoid. In these points Man differs 
frean the bulk of the Primates, including the lower Simiidae, but agrees with the Simiinm 
mid Lemur. 

The ridge for the trapezoid ligament is less marked than in most Primates, but more 
m than in others, as, e. y., Indris, Lemur, Loris, and Cheiromys. 

The ClamaU . — The length of this bone, compared with tlnU; of the spine, is greater than 
in any others, except the Simiinae, but it falls short of the extreme proportion of Hylo- 
bates abemt m much as it exceeds the very small one of Nyctipithecus. 

Its length, as compared with that of the i^^ula, is greater than in any otl]^r Pri- 
mates, except Simla and Hylobates, 

The subacromial surface is almost always convex, thus differir^ from nearly all the 
rest of the mder ; but the Simiime and Nycticebinm are more or le^ riimlar to Man in 
this respect. 
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airrature of tike k more i^xk^ tihaa in gr^t maj€aii| 
foms ; but some of the Cebidse and KycticebinaB are similar to Mm. 

. Tk& hummrm it long^, as eompored nitii the spine, than in tibe great bi^ of order ; 
but its relative length is exceeded in the Atek% mid I^>&rix — tke CJorsila 

and Oiaag snrpa^ing Man in this r^pecfc alnmst as much as he exceeds PerodkticAa 

The articnlm: l^ad looks mndh mcnre mwards aaid less bmkiwards than in miy ethei 
Primate. The tuberosities do not quite rif^ to the summit of the head, thus differing 
from some ; but thmi in Lagothrix, Ateles, Simia, and Hyloixites they do he^ rii^ as 
high as they do in Man. 

The bicipital groove extends about one-third down the bone, and is more marked ttian 
it generally is in the Simiinae, but much less so than it is in the lowest Simiidse. 

The supinator ridge is moderate in size, and much less developed than in the 
lower Sinmdse and most Lemuroidea; on the other hand, it is more developed than in 
Hylobates. 

The external condyle is a moderate process distinct from the capitellnm, and, nnliko 
its position in most Primates, looks fonvards and backwards, as in the Simimse, Ateles, 
and Indris. 

The projection of the ulnar ridge of the trochlea is again intermediate between other 
forms as to its extent. The same may be said of the distinctness of its radial ridge and 
the depth of the olecranal fossa; but the musculo-spiral groove is more marked than in 
any other Primate. 

Radius . — ^In absolute length the radius of Man is not only exceeded by that of the 
whole of the Simiinm (except the smallest Gibbons), but by that of the largest of the 
Cynocephali also. The diameters of its two extremities, however, are greater than in 
any other Primates, except Troglodytes and Simia. 

Its proportionate length to the spine is smaller than in almost all the Simiidai. 
It exceeds that, however, existing in the lower Cebidae, in Hapale, and in all the Lemn- 
roidea except Loris and Tarsius. 

Its proportion to the humerus is characteristic, being generally le^ %an in any c^her 
primate, and only approach^ by the GoriUa, Brachyurus, and Hapale, 

Its thickness, in relation to its length, is also extreme. 

The shaft is moderately curved, more so than in many Primates, but less so than in 
some others, e. g. the Gorilla, Cebus, Indris. 

The bicipital tubercle is as marked as in any of the Order. 

The ulnar maigin is sharp, as in the lowest Simiidse, not rounded as in many others, 

g. Troglodytes., 

The ridge for the origin, oi th® flesm mMmis d&gUmwsfkh marked, thus differing from 
all but the lowest SirniidiB and some Lemuroidea, e, §. Ii^s^ Arctocebus. 

The excavatkm tl^ origin of Imgvs paJMch is more in 

mo^ fwrms, as is also the roi^ surfem for the insertion cff the^o»<a5^or t&res. 

The excavation for the origin of the extemores pollim is again more nmrked Aaa m 
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most, th0i:^h it is wy muck so sometimes in some, e. g, the iai^er Cyaopith^inee, 
Chry^thiix, and 

The tadial mtogia ismiusually sharp, yet not so mnch so as it is m the Cynopithecinse, 
and sometimes in Cdms, Lemur, and Galago. ^ 

The nlnaar of the surface for the scapho-lunar articula&m is slightly produced, 
hut not so mn^di so as in some, as, e. g.^ the Gorilla, while in very many ^ledes it is not 
at all m, 

3^e ^loM process is exceptionally long, rivalled, however, by that in some Simiinae. 

The grooves for the extensor tendons are unusually distinct ; and that for the extensor 
secunM intemodii ^oUids* I have only found distinct in the Chimpanzee and Orang 
amongst Apes. 

The ulna is separated by a wider interval from the shaft of the radius in Man than in 
most Primates, but not so much so relatively as in some, e, g, as in Troglodytes, Cebus, 
Indris. 

The grater sigmoid cavity is exceptionally broad, differing in this from all others ex- 
cept Troglodytes and Simia. 

The lesser sigmoid carity looks outwards and not forwards, in which it differs from 
almost all Primates, and is most nearly approached by Troglodytes, Simia, and the Nyc- 
ticebin®. 

The olecranon is very broad, indeed at its maximum in breadth compared with length. 
It is most closely approached, however, in this respect by the Simiinae. It is not much 
excavated at its apex, as is so often the case (^. e. much excavated) in the Order. 

The anterior surface of the bone is distinctly marked off from its inner (ulnar) side, 
by which it differs from the great bulk of the order, by Troglodytes and, to a less 
degree, by Simia only resembling it. 

The fossa for the extensores pollicis is marked in a way existing in no other of the 
Simhdae except Simia and Hylobates. However, the genera Chrysothrix, Hapale, Lemur, 
Galago, Nycticebus, and expedallg Arctocebus, resemble Man in this fossa being distinct. 
In the last of these it is more marked than that for the Jlexor profundus digitomm. 

The surface for the mpinaior brevis is deep and broad, as only in Troglodytes besides, 
being narrower in the other Simiidae. 

The ridge for the attachment of the pronator quadratus is less marked than in many 
of the Order, but more so than in others. 

The head of the ulna is large and rounded, and bears a proportion to the styloid 
process larger than that existing in any other of the Primates except the Simiinae. 

The styloid process is moderate, not so long as in many (especigdly Ateles and the 
Nycticebinae), but longer than some (e. g. Gorilla and Orang). 

Manus . — The whole manus of Man is exceeded in actual length by that of Troglodytes 
and Simia only. Its length, as compart with that of the spine, however, is less than in 

* This is not constant in Man ; at least no trace of it existe in the Eo^jhisinan and the Australian (Ko. 5184) 
in the Mnsenm of the Koyal ColJbge of Surgeons. 
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^ bidk of ttie Ordesr, but not so anaU as in tbe lower Simiidse, juad much greater than 
in ajme of the low^t Cebidae, Lemur, and the Nycticebinae*. 

Ite feng^, as compared wiA that of the arm, is nearer the lower limit of the Order, as 
it is exceeded by all except the Gorilla, sometimes Hylobates, ^me of the lower Simiinse, 
and I^rds ; and that ofTOmiromys exceeds Man s more than his exceeds the least of the 
Order, while the diflfermn^ between the last and that of Cheiromys is much exceeded by 
the difference between the proportions of Cheiromys and Tmsius. 

Its length com|«red with the radius much exceeds that in Loris, but is almost as 
much exceeded by that in Hapale, which is again surpassed to a much greater degree 
by that in Cheiromya 

The number of carpal bones is very exceptional, still (as we have seen) there are but 
eight, not only in Troglodytes, but also in the widely different Indrisinae. 

The smaE relative size of the pisiforme distinguishes the manus of Man from almost all 
Primates, but Simia and the Nycticebinae resemble him in this. Simia and Troglodytes 
agree with Man in the absence of direct connexion between the cuneiforme and ulna. 

The trapezium has a more concave surface for the poUex than in almost any other 
Primate ; but in the Gorilla and in Simia there is sometimes almost, if not quite, as deep 
a concavity. 

The os magnum predominates over the other carpals more in Man than in other Pri- 
mates, and the unciforme has its process directed more forwards (palmad) and less towards 
the digits ; but in the latter respect Man is closely resembled by the Nycticebinse. 

The metacarpals (in a skeleton of ordinary size) are exceeded in actual length only by 
those of Simia and Troglodytes, except the fourth and fifth ones of the Siamang. 

The length of the third metacarpal, compared with that of the entire manus, is less than 
in most Simiidse, but it exceeds that of the same bone in all Primates below that family 
except Indris. 

The length of the metacarpus compared with that of the spine (as estimated by the 
same metacarpal) is very much less than in some, e, g, Hylobates ; much greater than 
in others, e, g. the Nycticebinae. 

The proximal ends, of some of the metacarpals have more concave articular surfeces 
than in most genera. 

The distal articular surfaces are somewhat less developed dorsally than in other forms. 

The first metacarpal, as compared with the spine, is considerably longer than in some, 
e. g. Perodicticus, but is still more exceeded by others, e. g. Hylobates and Tarsius. 

In the proportion home by the poUex, index, and third digits (including their meta- 
carpals) to the spine, ^ as also in the length of the metacarpal of the.index as compared 
with that of the poEex, Man holds an intermediate position in the Order. 

As regards the proportion of tibie poUex to the longest digit (metacarpals included), 

♦ J. «. as far as can he judged fiom the limited comparisons ■which have been made for this ps^r. I have 
hM no opportnnity of examining Nyctaoebns j and Perodictiemi may sometimes, of comse, be longer in file manus 
than in the spechnmis examined. 

MBCCCLXVII. 3 H . 
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tkirt of Mas ^(Be& tl» dSsm: l^mates^. Ha^k, Iioak; mM. 

Ckeiromys. 

Tke aksoMle of ike polex, hoik mtk mS. wkiim^ ite nioeteai^i^. y 

^eate® in in any cdior Pramg^ tkafe I kaaro la^sii^ei*. 

pmpontisn b<5me by the pdfex, wittoufe ti ikM'-mtiamrnmm’m* 

iir al olkers exe^t Chrysothrix, Hk^k, aaii 

Bie length of the first jAaiaiHS of the third d%it, as compared wiii fib* fdihe 
maans, is smaller in Man than in a®y others of the Order esscsept- the G«naiiajMmeo£ i^e 
low^ Simiidse, and Arctoeehns. 

The proportion borne by the same first phalanx to its metacarpal is thwi tbit itt 
any other Primates except Troglodytes and some^of the SimiicfeB i^h®r than the Sanfese. 

The length of the third digit, without its metacarpal, compared mth tbd of the 
4s greater than in some mad less than in others ; and the human paoj^sriioa is almost as 
mnch exceeded in Chrysothrix as it exceeds that in Arctocebus. 

In the length of the first phatex of the same digit, compared avith that of the whole 
manns, as in the proportion borne by longest digit, without its metacarpal, to the 
longest metacarpal, Man exceeds some and is exceeded by othera 

Os inmminatum, — This is perhaps the most characteristic bone in the appendicular 
skeleton of Maan 

In absolute size the human pelris is i^astly exceeded by that, of the Gorilla f, and in 
length by that of the Chkapanz^ and that of. the Orai^- 

The human pelrisis also distiii^iijslied by the constsad $ exce^ of its transverse 

over its conjugate ^ameter, and by Ihe absence of a® dio^pttbic angle 

The abj^ute length of a straight liim joining the superior ^^ous processes of the 
ilium^ and the proportion of the same to the spine, are greater than in any other Pri- 
mate except the Gorilla. The latter species exceeds to a less degree when the cr^t of 
the ilium is measured along its curves. 

The iiio-ischiai are less than in any others Primate, but the Imigth* of a line 

drawn from the ilio-pectineal eminence to the nearest point of the taberoaty of the ilium 
is ^eater, as compared with that of the spinal column, than in any other of the Primates, 
except Troglodytes and Simia. 

The vertical diameter of the acetabdum, comp^ed with the leng& of the os snno- 
minatum, is ^eater than in aH the resft of the Ckder. 

* Br. LtrcAB, however, foxmd the poUex of the Chimpanzee (both with and without the md»earp«d) sfighfly 
longer tham fiiat d the European woman*. — Lm. eit. p. 300. 

t Trans, JooL Boe. r<A. v. p. 12. 

+ As Professor Hraura h^ minted out (MBedksBd'Times^ 1^, wL L p. 344^ teyawrawr is 
than the oonjugate <Hie in the ^aie Boschteona’s skeletcoi, JS"©. 5^7^ hr the Masenm <rf the Cril^ of Surgeons. 
In Nos. 5257 and 5300 in the same collection the two are about equal. Mr. Jomr Wood gives mi instance of 
the seam piedominaiice of the antero-pcwt^sciu^dizmic^ in a mab mgeb, and quote hiAtaimeu ten. B^ste^or 
Wmm, — Todd^s wdi v. 

§ Jorctr Wood, he. eit. p. 152. 
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■ te^eea tke ^^eider j^i»®us proe^ uf tte^nm aad tke tn- 

«tf ike li^tti&, as (xaa^EE€fd "w^b. the length of a line |ommg the inferior 
anterior spinons process with the symphysis pubis, is least in Man of all Prinw-i^s. 

imsa is #e proportion of the length of the imwanmatuni to that 

of the twoMrer^ duon^r of «ttie brim of the pelvis, and with the distance t^tw^i the 
inferior posterior spinous process and the spine of the ischium, when compared with 
that between the tefeMor anterior ^iaons process and the pubic symphysis. 

Phe Iffligth of the os inncwninaimm, as cornered with that of the femur, is less in Man 
them in any otiher Primate except Indris and Tarsins. 

Phe crest of the iUum, mea^ired along its curves, almost or quite ^uak, sometimes 
even exceeds, the extreme length of the os innominatum — a condition esdsting in Man 
alone of all the Order. Moreover, Ihe crest hj^ a degree of ^ngmoid curvature, and is gene- 
rally thickened almve the acetabulum in a way exii^ing in no other Primate ; and the supe* 
rior miteriorspmous proeei® is rather more distinct than in any other genus of the Order- 

The inferior anterior spinous process is developed to a greater extent than in mj 
other of the Anthropoidea, but it is exceeded by that of some Lemuroidea. 

The posteaamr spinous processes ar« more sharp and distinct than in other Primates, 
and are nearer together, in comparison with The kngth of the os innominatum, than in 
any other oxcept Loris. 

The outer surface of the ilium is at the same time convex anteriorly and concave 
posteriorly to a degree existing in no other Prhnate ; moreover, the gluteal lines are 
much marked, and the fliac fossa is very wide, v«ry concave, and loolm mainly inwards 
— conditions peculiar to Man. 

The spine of the pubis is more marked than in most forms, and the superior surface 
of the so-called horizontal ramus of the pubis is generally broadened, and the subpubic 
groove in most cases mmked to a degree existing in no other Primate *. 

The pubic symphysis is shorter relatively than in any other of the Anthropoidea, 

The shortness of the body of the ischium, the smalbiei® and non-eversion of the 
tuberositi^ *of ihe kchkun, and their prolongation backwards and upwajcds to very near 
the spme of the ischium, are characters .almost peculiar to Man, hut not quite so, because 
they exi^ in the Nycticebinse, especially in Loris. Man, however, is the only Primate 
in wMch th^© characters coexist with a broadly expanded ilium. 

The h^u't-dmped brim of the pdtvis, so geneml in Man, exists in no other member of 
the Order. 

The spine of the ischium is generally developed in Man in a way al^olutely peculiar 
to him^, Bs also is the gimt ccmcavity of the sciatic notches. 


* In skeleton No. 5184 in Colley of gnrgeona, the ramna is very narrow ; and in 5357 a. tke snbpnbic 
gjwve is 80 faint as to be hardly distinguishable. 

t In the skeleton of a male and &nak of Boschisanan race in the College of Surgeon’s Mssenmi the spine is 
very snail, as Hr. John W oon has remarked (^. cit. p. 149), Indeed, in the female it is scareely larger, though 
more pointed, than in the Orang. 


3h2 



t98 ME* m. 01OE0E MIVAET OK TEE SKEMOOK OE TEE EEIMAT®. 

When tile ©aiface of the blade of the Eiam is looked at, al^ut two-tMrds of th^ 
acetaboloin a^e ’^ble, thus differing from the Simihaae, but ^p:eeiiig with the bulk of 
the order. 

Femur . — ^The f^ur attains an absolute length much exceeding that of any other Pri- 
nmte; nermrthelei^, the transverse diameter of the shaft is absolutely peater in the 
Gorilla. 

The angle formed by the neck with the shaft is greater than exists in some other 
Primates, but is less than in many. The angle formed by the shaft with a horizontal 
surface, on which both condyles are made to rest, deviates more from a right angle 
thmi in any other Primate, though in this there is greater difference between inferior 
forms. 

The proportion of the femur to the spine is greater than in any other genus of the 
Primates except Hylobates and Tarsius, in which it is stUl larger. It is, however, very 
Uoarly approached in Ateles ; and Tarsius exceeds Man, in this proportion, much more 
than Man exceeds the Gorilla. 

The length of the femur, compared with that of the humerus, is much greater than in 
any other of the Anthropoidea, and very much greater than in the Simiin® ; neverthe- 
less, 1 find it (thus compared) exceeded in all the Lemuroidea I have examined except the 
Nycticebinae and Cherromys — Tarsius exceeding Man much more than he exceeds even 
Simia. 

Its length, compared with that of the os innominatum, is greater than in any other of 
the Anthropoidea ; nevertheless, it is exceeded in Indris and Tarsius. 

The angularity of the shaft and the prominence of the linea aspera are greater than 
in any other Primate, as also, most probably, the prolongation of the latter to the outer 
condyle. 

The trochanteric fossa is rather more shallow than in most, but not so much so as in 
the Gorilla and Perodicticus; and in the remaining characters of the femur Man occu- 
pies an intermediate position. 

The tibial trochanter is as small as, or smaller relatively, than in any other Primate, 
and the intertrochanteric line in front (as in the largest Cynocephali) is very distinct. The 
two condyles are pretty equally developed as to projection backwards (differing thus from 
the Simiinse and others), but the inner condyle descends peculiarly. Still in this the 
difference between Man and certain Apes * is less than that between forms of the Order 
inferior to him. 

The rotular surface differs from that of all other Primates in the great predominance 
of that part of it which is supported by the external condyle. The transverse con<^vity 
of the rotular surface is gi-eater than in the Simiinaef and Nycticebinae, but it is exceeded 
in the Lemuroidea other than the last-named subfamily. 

* See, e. g., the femtir of Ateles (Ko. 4708 in the Mnseiun of the Eoyal College of Surgeons), where the de- 
scent of the inner condyle is very marked indeed. 

t OwEir, Trans. Zool. Soc. toI. v. p. 16, as regards Troglodytes, 
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fin®. — ®is hme in Man is again absolutely longer than in any other Primate, and 
absolutely broadm: at its proximal end than in all but the Gorilla. 

Its length, as compared with that of the spine, is (like that of the femur) ^eker than 
in any other of the Primates except Hylobates and Tarsius. As compared with that 
of the humerus, however, it is exceeded by the Semnopithecinae, some of the lower 
Cebidae, and by the Lemuroidea other than the Nycticebinse. Its length exceeds that 
of the radius more in Man than in any other Primates except Hapale and Tarsius. 

Its length, as compared with that of the femur, is less in Man than in any other Pri- 
mate, though he is very closely approached by Troglodytes, Nycticebus, and Cynocephalus. 

The tubercle of the tibia is at its maximum of distinctness in Man, and is placed 
higher up than in other Anthropoidea. 

The articular surfaces for the condyles of the femur more completely occupy the upper 
surface of the tibia than in any other Primate ; and in Man the outer of the two articular 
facets is generally more or less strongly concave antero-posteriorly. 

The exceeding sharpness of the crest is absolutely peculiar to Man. 

The ridge for the popliteus is more developed in him than in any other of the An- 
thropoidea, and in the fact that the posterior border of the articular surface of the 
astragalus descends further down than does the anterior margin of that surface, he differs 
from every other Primate. 

In the Fibula the peroneal malleolus is not produced out into a strong process as in 
other Anthropoidea, but it descends much further down than does the tibial one, by 
which character Man differs from all the rest of the Order. The fibula of Man is exca- 
vated and ridged in a degree existing very rarely, if ever, in other Primates. 

Pes . — The absolute length of this segment of the skeleton of Man is exceeded only by 
that of the same part in the Gorilla and Orang. 

Its length, in proportion to that of the spine, is exceeded by that of all other Primates 
except Lemur, and (as far as I have been able to ascertain) the Nycticebinse, and per- 
haps also some of the lower Simiidae and Cebidse. Man, however, more exceeds Arc- 
tocebus in this proportion than he is exceeded by the Gorilla. 

Its length, as compared with that of the pelvic limb minus che pes, is less than in any 
other Primate, Hylobates and the Nycticebinae, however, approaching him rather nearly 
in this respect. 

The same is the case as regards the proportion borne by the pes to the tibia. 

The antero-posterior plantar arch is, as has been before said, extensive and peculiar 
(from the fact of the hallux forming the fulcrum in sending and walking), the 
tuberosity of the calds and the distal ends of the inner metatarsals resting on the ground ; 
but, as has been pointed out already, even in Man the outer side of the tai'sus and me- 
tatarsus is applied, in standing, to the supporting surfece, while in many other Pri- 
mates the inner side of the tarsus and metatarsus is more raised from the ground 
than in him. So that the distinction between Man and Apes, in this respect, is much 
le^ than is often supposed. 
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in® tesm inpfBportion ^ &e spine, ikaa m c^erlRriaistes i»<Bpt C^eir- 

omys, Galago, and Taimns, that of each of the two list esrcw&ig Mm’ain ipdatbe kigSi 
4m Ttto^ than his exceeds that of Arctocebns, which is the 3®ia.til?ely Aortet of the Older. 

The hei^i ^ •ftietwsTis, compared with that of the whok p^, is ^®ater in Man thmi 
in any dthar ]Mnate except Gidago, though it is very m^Krly equalled hy that of 
Tamuft. 

The appears to be loiter, in proportion to the spine, than m any other Pri- 

mate ®^«®pt the Gorilla and Ateles, Cheiromys, Galago, and Tmius. That oi Man is 
twi^ relative length of that of the relatively «hort®t ; hut diat df Tarmus is 
the r»laiave length of that of Man. 

The tuberosity of the os calcis is at its maximum breadth inleriorly, where it has 
^o tiijercies, and is thus peculiar. 

The ciiboides is absolutely longer than in any other Primate ; and the distal articular 
surface of the entocuneiforme is strikingly and characteristically dsdter than in miy otiier 
species of the Order. 

The absolute length of the hallux, both with and without itsmietatar^, is greater 
than in any other Primate. It also differs hmn that of all other Primates in not being 
directed outwards at mi angle to the odier metataimls. 

The superior surface of the astragalus is almost perfectly horizoidal. 

The first phalanx of the haHux is slightly, and the second one ^ousiderably longer, ab- 
solutely, than in any other Pmnaie. 

The proportion borne by the hallux, with its metatarsal, to the pollex and also to the 
spine, as also that of its metatarsal to the latter, are all interm^ikte in the order ; but 
the prcportion of the hallux, with its metatarsal, to the longest digit of the foot, is 
greater in Man than in any other Primate. 

The proportion of the hallux, with its metatarsal, to the whole pes is greater than in 
any odier of the Primates except indris, the Nycticebinse, and sometimes Hylobates. 

WitocMt ite metatarsal, its length, when compared with that of the pes, is decidedly 
exceeded by that in Arctocebns and perhaps Perodicticus, and sK^tly by that in the 
Chim^nzee, but by no other, though it is very nearly equalled by that in Lorb and 
Indris. 

The length of the third digit, without its metatarsal, compared with that of the pes, is 
far less >m Man than in any other Primate ; and the proportion of the long^t digit, with 
to the s|nne is than in any other Primate except Amtecebus. 

The feat or the second digit is the longest of the pes, a coidiriou in no other 

P^irte. 

The phsimig^ are shorter, ws compared with the metetaimls, tlwm in miy other Pri- 
mate, and are narrow and rounded inferiorly in a way *found in no 

The index is sometimes shorter ftian the hallux (compared withoirt: &eir mefetaisals), 
a condition existing cmly in Man in the whole Order, though nemiy approached in Arc- 
tocebus and Perodicticus. 
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Tk^ |«t>portijwi of fee longest of fee foot^ to fe© loj^Bst one of 
taml ani indnded) is k«s ia M®q than ia any oti^r cd fee RiM^ exes^t 

fee Oiimpaiizee, Hylobates, and Cheiromys. . * 

The excess in length of the third digit of the manns over the third ifi^t of the |»s (with- 
out fee metacarpal and metatarsal) is far greater in Man tlmn in any Pi^aate ex- 
cept fee Qrang, 

The distal ends of the metatarsals are small, and the vertical diamete peedc^ii^tes 
more over the transverse one fean in the other Primates. 

The successive shcurtening of the three divisteis oi the* pea (taarsiM^ nteata^us,. and 
digits) exists in Man alone of aU Primates ; also the great flatteik^ of the pknter sur- 
face of fee fifth metatarsal. 

The proportion of the index to the spine is less than in mry others of the Order except 
Perodicticus and Arctocebus. 

The proportion home by the second metatarsal to the pes is mtermediafe; feat of fee 
index of the foot to the index of the hand is less than in any other Primates except 
Troglodytes, Hylobates, and Taraius. 

That of fee longest digit, without its metatarsal, to the longest metatarsal is mudb. 
less than in any other Primate whatever : that of the same to the tarsus is also less than 
in any ; but the proportion is approached by Gdlago, Tarsius, and the Gorilla. 

The extent to which the hallux reaches wife regard to fee index is greatear than in 
almost all, but is exceeded by that in Perodicticus and Arctocebus. 

Thus the characters absolutely peculiar to Man, as compared with aH fee rest of the 
Primates, are — 

1. The very inward aspect of the head of the humerus. 

2. The radius being less fean three-fourths the lengfe of the humerus *. 

3. The small relative distance between fee anterior spinous proc^s^s of fee ilium. 

4. The large size of the acetabulum compared with the lengfe of fee os innominatam. 

5. The sm^ length of the oa innominatum compsired with the breadfe. of the pelvis. 

6. The small distance between the inferior posterior ^inous process- of the ihum and 
the spine of the ischium, compared with that between the anterior inferior spinous process 
of the ilium and the symphysis pubis. 

7. llifi feet feat the lengfe of the crest of the ihuia (measured along its curves) about 
equals that of fee os innominatum. 

8. The strongly coMKvo-convex outer suxfece of the ilium, wife marked gluteal liims. 

9. The great concavity and inward direi^iwi of fee iliac fas^ 

Id. The strongly marbed csacawity of fee sciatic nofeh^ and sharply projecfeig s^iie 
d fee ischium. 

TL Tim caegsisteiceL of sm^I prolonged up nearly to the iachfeil spines, 

with a broad ilium. 

IS.. Tlir. of fee 

♦ "Bioiagh, IB feri® I isve seen, Man is tiie coaly Ptimaie ever so conditioned, yet he does not appear to be 
iav^afcfy ®j. ^ note t, p. 311. 
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IB. Tb& imgiAffity of the Aaft of the f^iur, and strong ^jeetiLon of the liaea aspera. 

14. The predominaiice of that part of the rotular surfed which is supported by the 
l^ron^ condyle. 

15. The al^liite length of the tibia, 

16. Tlie sharpness of the crest of the tibia 

17* The descent of the posterior border of the distal articular surface of the tibia (for 
the i»teigalus) below its anterior border. 

18. Thfe much greater descent of the peroneal than of the tibial maUeolua 

19. The shortness of the pes compared with the length of the pelvic limb minus the 
pe^ and compared with that of the tibia. 

20. The great breadth of the lowest part of the tuberosity of the os calcis, and the 
pre^nce of two tubercles on its plantar surface. 

21. The flattened surfece (for the hallux) of the entocuneiform bone. 

22. The fact that either the first or the second digit is the longest and most project- 
ing one of the pes. 

23. The absolute size of the hallux, both with and without its metatarsal, and espe- 
cially of its second phalanx. 

24. The very slight outward direction of the first metatarsal. 

25. The very obtuse angle (plantar one) formed by the transverse axis of the head of 
the first metatarsal, with a line passing transversely through the heads of the other 
metatarsals. 

26. The great proportion borne by the hallux to the longest digit. 

27. The small proportion borne by the four outer digits to the whole pes and to the 
metatarsals. 

28. The very slight flattening of the plantar surfe,ces of the phalanges. 

29. The narrowness and elevation of the distal ends of the four outer metatarsals. 

B€. The great flattening beneath of the outermost metatarsal 

31. The successive decrease in length of the tarsus, metatarsus, and digits. 

32. The form and construction of the antero-posterior plantar arch. 

SiMIA. 

The Orang-outan, when compared with all the other Primates, presents the foUowing 
notable conditions : — 

The proportion home by the pectoral limb to the spine is greater than in any other 
genera of the order except Tarsius and Hylobates. 

The proportion of the length of the radius to that of the spine is greater than in any 
other except Hylobates. 

The length of the index, with its metacarpal, compared with the spine, is greater than 
in any except Tarsius and Hylobates. 

The length of the metacarpal of the pollex is greatar, in proportion to that of the 
spine, than in any others except Hylobates and Tarsius. 

Tbe spine of the ischium is more largely developed than in any other Primate except Man. 
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Hie length of Ae pes is greater, in proportion to that of the spine, than in any except 
Atelai, Oheiromys, and Tarsias. 

The proportion home by the longest digit of the pes to the spine is greater' than in 
any other Primate except Tarsius. 

The length of the longest digit, without its metatarsal, compared with that of the 
tarsus, is greater than in any of the order except the Nycticebinse and perhaps Indris. 

In addition to these more or less exceptional conditions, the Orang differs from CYery 
other Primate without exception in : — 

1. The great absolute length of the pectoral limb minus the manus. 

2. The small length of the pelvic limb minus the pes, compared with that of the 
pectoral limb minus the manus. 

3. The great absolute length of the manus. 

4. The gi-eat absolute length of the third digit of the manus, both with and without 
its metacarpal. 

6. The great absolute length of the metacarpal of the poUex. 

6. The great difference between the length of the pollex and that of the index. 

7. The large diameter of the acetabulum compared with the length of the spine. 

8. The small proportion borne by the femur to the humerus. 

9. The very obtuse angle formed by the neck of the femur with its shaft. 

10. The all but constant* absence of a pit for the ligamentum teres, on the head 
of the femur. 

11. The shortness of the tibia compared with the humerus. 

12. The length of the pes compared with that of the rest of the pelvic limb. 

13. The length of the pes compared with that of the tibia. 

14. The absolute length of the three middle metatarsals. 

15. The absolute length of the longest digit with its metatarsal 

16. The very small proportion borne by the length of the hallux to that of the longest 
digit of the pes. 

17. The occasional absence of the second digit of the hallux. 

18. The ^eat length of the index, with its metatarsal, compared with that of the spine. 

19. The small length of the hallux (both with and without its metatarsal) compared 
with that of the whole pes. 

20. The great length of the second digit, without its metatarsal, compared with that 
of the whole pes. 

21. The very similar length of the indices of the pes and manus, both with and still 
more without, the metatarsal and metacarpal. 

22. The shortness of the tarsus compared with the length of the pes. 

♦ It is oemsiomU^ absent in the GroriHa, as bas already been mentioned ; but in the Orang I have only found 
it p^nt in one out of fourteen skeletons examined, namely in the specimen No. 3 i in the Osteological Col- 
leohcm of ffie British Huseum. For this and other details eoneeming tiie appendicular skeleton of Simia, see 
Trans. Eool. Sbc. vol. vi. p. 165, and pis. 25—^, espemally pi. 40. fig. 7 i. 
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Hapaek 

This gmns hms tte p^^ral limb, witiiout the maaus, Sorter ia jaro^artikm to tibte 
spine than it is in anj other of the Anthropoidea. 

The ^wne applies to <he pdvie limb minus the p^ ; Mid mm with Ae ktter 

it is shorter, m compMed whh the spine, than in any of the Prim^^ m^pt Lemnr 
and some of the Nycticebin®. 

The limbs are the shortest and smallest found in the Anthropoidea, 

The proportion of the leii^h of the clavicle to that of the i^pnla is d^an in 
any othm* of the Prunates except Taraus. 

The length of the hnmems, compared with that of the spine, is leai than in any 
except Indris, Lemur, Perodicticus, and Arctocebus. 

The length of the manns about equals that of the radius, a proportion greater than 
in any of the Lemurid® or other of the Anthropoidea except Brachyurus. 

The proportion of the poUex to the longest digit is greater than in any other of the 
Anthropoidea (unless peihaps sometimes in Man) or Lemuroidea, except Arctocebus, 
Cheiromys, and perhaps Lc3ris. The proportion of the poUex (without its metacai^al) 
to the whole length of the mauus is greater than any other Primate that I have 
measured except Arctocebus. 

. The length of the femur, compared with that of the spine, is less than in any of the 
order except Perodicticus and Arctocebus. 

The femur differs jfrom that of the other Anthropoidea by its very short neck and the 
vnde flat space between the trochanters behind (Plate ^TTT. fig. 5), thus approaching 
the Lemuroidea. 

The proportion borne by the length of the tibia to that of the humerus is about as in 
Cheiromys, and greater than in any except Indris, Galago, and Tarsius. 

The length of the pes, compared with that of the rest of the pelvic limb, is greater 
than in any except Galago, Tarsius, Cheiromys, Simia, and perhaps Nyctipithecus, 

The proportion borne by the hallux to the spine is less than in any other of the 
Primates except Colobus. 

That of its metatarsal to the spine is less than in any except Perodicticus ai^ Arctocebus. 

The length of the hallux, compared with that of the pollex, is less than in any other 
genus except Simia. 

The excess, in length, of the longest digit of the pes over that of the manus is 
greater than in any other of the Primates measured by me except Chrysothrix and 
Loris*. 

The length of tibe tarsus, compared with that of the pes, is l©sfs than in any gmiera 
of the order except Indris, Hylohates, Ateles, and Simia. 

The length of the longest digit (without its metatarsi), compared with tot of the 
longest metatarsal, is than in any ^cept Man and some of the Iowm ^nfid®. 

* I hare not i>een able to ajseerteia exktmg in Calli&iix, affli HyctiWbm 
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Hapale diffei^ from aU oOmr Fifrimtes ia— 

JL togOi of Hie istdias compared with that of the spine. 

2. The fflnall length of the os innommatum compared with that of the scapula 

3. The degree to which the tibia sometimes exceeds the femur in length. * 

4 The lataraUy cOTipiessed ultimate phalanges of all the digits except the 
hallirr . 

iNHBIS. 

This remarkable Lemuroid has the whole hind limb, when compared with the 
whole fore limb, longer than in any other Primate ♦ except Galago ; and this is still 
more marked when the pelvic limb minus the pes is compared with the pectoral one 
minus the manusf. 

The proportion borne by the length of the humerus to that of the spine is less than 
in any other of the Primates except Perodicticus and Lemur. 

The length of the radius is greater, as compared "with that of the humerus, than in any 
other Primate except Tarsius. That of the manus is to the rest of the pectoral limb 
greater than in any other except Cheiromys. 

The length of the os innominatum, as compared with that of the femur, is less than 
in any other Primate except Tarsius. 

That of the femur, compared with that of the humerus, is greater than in any other 
except Tarsius. 

The same is the case as regards the tibia. 

The proportion borne by the hallux to the spine is greater than in any other of the 
Primates except Tarsius, Cheiromys, sometimes Hylobates, and perhaps Ateles. The 
same is the case as regards its metatarsal. 

The length of the hallux, as compared with that of the longest digit of the pes, is 
greater than in any Primate except the Chimpanzee, Arctocebus, and Man. 

The proportion of the hallux to the pollex is greater than in any other Pnmate (in 
which the pollex has two phalanges) except Loris. 

The length of the hallux (with its metatarsal), compared vrith that of the pes, is greater 
than in any othm* Primate except perhaps Arctocebus. 

The proportion home by the third digit (without its metatarsal) to the pes is greater 
than in any other Primates except Loris and Cheiromys ; but Hylobates comes very 
near. 

Indris differs from aH other Primates in — 

1. The doiml portion of the groove near the axillary mai^n of the scapula. 

2. The great relative size of the posterior inferior (in Man inferior anterior) spinous 
proce^ of the ilium. 

* Excluding, of course, pTOpithecus and oUier fonns, the skeletons of ’which I have had no oj^rtunily of 
^xanunmg. 

t The great difference as to lengtti hetweea the arm and fiie in tihas genus is noticed in * IGn’s Place 
in Hature,* pp, 72 <fc 73. 
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S. llie degree to 'fdiich tlie head of the f^ur is beat 

4. Ihe present ’Of a tahercle, projecting downwards on the tibia, breath the pit Jor 
the senu-membraiM^ns, 

Lobis, 

In this genns the humerus is longer, in proportion to the ^ine, than in any other 
Lemuroid, and longer, in proportion to the scapula, than in any othena of the Pri- 
mates ex^pt Ateles and Hylobates, which two genera alone have the shaft naitower, in 
proporticm to its length, than in Loria 

The radius exceeds the humerus more than in any others except Taraus, the Indri- 
sinse, and sometimes Cynocephalus and Hylobatea 

The manus, as compared with the spine, is shorter than in any other Primates except 
Chrysothrix and Arctocebus. 

The proportion home by the longest digit to the spine is less than in any other 
Primate except Arctocebus. 

The proportion of the index to the spine is less than in any except Perodicticus and 
Arctocebus ♦ ; as also is that of the metacarpal of the index to that of the pollex. 

The length of the pollex, as compared with that of the longest digit, is greater than in 
any others except Hapale, Arctocebus, Cheiromys, ^d perhaps Man. 

The length of the third metacarpal, compared with that of the whole manus, is less 
than in any others except Brachyurus and Arctocebus. 

The pubic symphysis, as compared with the length of the spine, is shorter than in any 
other Primate except Perodicticus. 

. The tuberosity of the ischium is more prolonged upwards and forwards towards the 
spine of the ischium (Plate XIII. fig. 3) than in any other Primate except Man. 

The proportion of the length of the femur to that of the humerus is less than in any 
other Primates (other than the Simiinae) except Ateles, Lagothrix, and Mycetes. 

The length of the pes in proportion to that of the rest of the hind limb and of the tibia 
is less than in any other Primate except Man and Hylobates. The same in proportion 
to that of the spine is less than in any other Primate except Lemur and Arctocebus. 

The os calcis is shorter, compared with the spine, than in any other genera except Aro 
tocebus and Perodicticus; but the cuboid is longer, as compared with the os calds, than 
in any other Primate except sometimes Hylobates. 

The proportion borne by the hallux to the pollex is greater than in any other 
Primates except Colobus and Ateles. 

The index of the pes more exceeds that of the manus in length than in any other 
genera of the order except Perodicticus and Arctocebus. 

The length of the hallux, with its metatarsal, compared with that of the pes, is greater 
than in any other Primates except Indris and Arctocebus, and perhaps (?) Perodicticus, 

Without its metatarsal, and so compared, it exceeds all except the same last-men- 
tioned genera, the Chimpanzee, and Man. 

* I hare not been aMe to ascertain toe proportion in Kyetw^bns. 
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.Lons differs firomi ey^ other Primate m — 

1. The very cylindrical shape of tihe radius and ulna, 

2. The shortness of the manus to the rest of the pectoral limb. 

S. The ^ortness of the manus to the ra<hus. ' 

4. The exceeding smallne^ of the ilio-pubic angle. 

5. The narrowness of the pelvis compared with its conjugate diameter. 

6. The large relative size of the body of the pubis. 

7. The extent to which the vertical diameter of the posterior outlet of the pelvis 
exceeds its transverse diameter. 

8. The very small absolute length of the symphysis pubis. 

9. The coexistence of small tuberosities (prolonged up nearly to the spines of the 
ischium) with a narrow ilium. 

10. The small breadth of the true pelvis compared with the length of the os innomi- 
natum. 

11. The closeness of the tibial trochanter to the head of the femur. 

12. The extent to which the longest digit of the foot exceeds that of the hand. 

13. The large extent to which the poUex exceeds a hallux with two phalanges, 

14. The great length of the third digit (without its metatarsal) compared with that 
of the whole pes. 

15. The length of the longest digit (without its metatarsal) compared with that of the 
tarsus. 


Tarsius. 

This highly interesting form, which perhaps stands lowest in the order*, presents 
many peculiarities. 

The length of the entiie pectoral limb, when compared with that of the spine, is greater 
than in any other genus of the order except Hylobates ; and the same is the case with 
regard to the pectoral limb minus the manus (in the specimens examined by me), though 
Ateles and Simla come very close to Tarsius in this proportion. The proportion borne 
by the length of the scapula to that of the spine is greater than in any except the 
Simiinse. 

Similarly compared, the radius exceeds that of all except the Simimse and Ateles, and 
the manus is longer than in any except perhaps Cheiromys ; and the last named is, more- 
over, the only genus in which the manus is yet more in excess of the radius in length. 

The length of the first phalanx of the third digit, compared with that of its metacarpal, 
is grater than in any other Primate except Cheiromys ; and its length, as compared with 
that of the manus, is about the same as m that genus, and greater than in any other. 

I have found the ilio-pubic ai^le waller than in any other Primate except Loris. 

The lengHi of the os innominatum, compared with that of the spine, is greater than in 
any .other Primate except the Simiin®, Cynocephalus, and Ateles. 

* It Mas been suggested to me by Dr. Fecebs that Tarsius is a lower form than Cheiromys. 
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The proportioa home by the pes to the Test ef ti^ pelw limb k ^eatar than in any 
except Oieiromys and i^mia ; that borne by it to the tibia fe pr‘&aMm than in any ex^t 
the two last-mentioned gmera and Gaiago. 

The longest digit of the pes is shorter, in propca^on to that of tiie maans, tiban in 
any other Primates except Man, Oie Simiinse, and Qieiromys. 

The indms: of tibe pes is liiorter, as compared with that tte &an in fmy other 

member of the order except sometimes Hylobates. 

|»op®rtton borne by the index of the pes to the spine is peater tiian in any 
other gmiera except Hylobates, Cheiromys, Ateles, and Simia. 

The length of the tarsus, compared with that of the entire pes, is peater Am in any 
except Man and Galago. 

The length of the third digit, without its metatarsal, compared with that of the ^s, 
is fess than in any other Primate except Man. 

Tarsius differs absolutely from all other Primates in — 

1. The whole pelvic limb being more than double the length of the spine. 

2. The great length, compared with that of the ^ine, of ^e ladinln pelvic limb minus 
the pes. 

3. The small proportion home by the vertebral border of the seapula to its axillary 
border. 

4. The shortness of the clavicle comimred with the scapula. 

5. The shortness of the humerus compared with the same. 

6. The great length of the radius and ulna compared with that of the humerus. 

7. The great length of the pollex (with its metacarpal) compared •with that of the 
spine. 

8. The great length of the longest digit (with its metacarpal) compared -wdth the same. 

9. The great length of the metacarpal of the pollex to the same. 

10. The great length of the third digit (without its metacarpal) to that of the whole 
manus. 

11. Tire difference in Imigth of the ultimate and penultimate phalanges, 

12. The shortness of the os innominatum compared with the femur. 

13. The distance between the inferior (in Man anterior) spinous processes of the 
ilium compared vpith the length of the spine. 

14. The same, compared with the length of the os innommatma. 

Id. The very great length of the femur compared with that of the spine. 

16. Tke femur being more than double the length of tihe humerus. 

17. The ^endeme^ of the shaft of tiie femur, i e. its transverse diameter compart 
witih its l©^th. 

18. The narrowness of the femur at the condyles compared with the lei^h of the bone. 

19. The smai extent of the free upward projection of the pertmeal (great) trochanter 
compared with the same. 

20. The great Imiglh of the tibia compared with that of the spine. 
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21. Hie grmt length of tiie Mmie (moi» than donhie) combed with that of the 
hnnwOTis. 

22. The gr^t length of the smm compm’ed with that of the radins. » 

23. The narrowness of ttte proadmai end of the tibia compared with the length of the 
b<me. 

24. The high position of the tubaecle on the shaft of the tibia. 

25. The anchylosis inferiorly of the tibia and fibula. 

26. The great length of the whole pes compared with that of the spine. 

27. The great length of the tarsus compared witii the same. 

28. The small breadth of the tarsus compared with its length. 

29. The great length of the os calcis compared with that of the spine. 

30. The very small length of the cuboid compared with that of the os calms. 

31. The great length of the hallux compared with that of the spine. 

32. The great length of its metatarsal similarly compared. 

33. The longest digit equalling very nearly half the length of the spine. 

34. The shortness of the’ second metatarsal when compared with the length of the 
whole pes. 

36. The shortness of the third digit (without its metatarsal) compared with the 
same. 

Cheibomts. 

This abenmt form, the close affinity of which to the other Lemuroids has been 
lately placed beyond the possibility of dispute differs from ail the rest of the order 
except Tarsius, in the length of the manus compared with that of the spine; and I 
find the same to be the case with respect to the pollex, though here it is sometimes 
very closely approached, if not equalled, by Hylobates. 

The longest digit, with its metacarpal, is also longer, when compared with the spine, 
than in any except Tarsius. 

The index is longer, compared with the spine, than in any other Primate except 
Tarsius, Simia, and Hylobates. 

The first phalanx of the third digit is longer, in proportion to the length of the 
manus, than in any other Primate except Tarsius. 

The length of the tibia, compared with that of the spine, is greater than in any others 
of the order except Man, Hylo|[mtes, Ateles, and Tarsius ; its length, compared with 
that of the humerus, is only exceeded by Hapale, Galago, Indris, and Tarsius ; and 
compared with that of the radius, by Man, Csdlithrix, Hapale, and Tarsius. 

The proportion of the tibia to the femur is greater than in any other Primate 
except Hapale. 

The length of the pes, c^mpar^ with the rest of the pelvic limb, is greater than in 
any otiier Primate exc^t Simia. 

* See tile rery excellent memoir on ChemomyB by Professor Pitebes, ‘ Abbandlungen der Komgl. Akademie 
der Wissenwhaften m 1865. 
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The coin|»red with that of the spine, is only exceeded hy Itelns, xinless it 

msiy be sometimes also ‘by Simia. 

Compared with, tiiat of the manus, it is le^ than .in any except Hylolmtes. 

Compared mth the tibia, it is longer than in any except Simm, 

The cuboid bone is longer, in proportion to the os caicis, than in any ^cept Man, 
Hylobates, Nyctipithecus, Hapale, Lemur, and the NTyctic^binse. 

The ]^opoTtion of the hallux, with its metatarsal, to the spine is greatm than in 
any other except Tarsius, and sometimes Hylobates. 

The proportions of the longest digit, and of the metatarsal of the hallux to the 
spine, are greater ; the first than in any genus of the order except Tarsius and Simia, 
and perhaps Ateles ; the second than in any except Tarsius and Hylobates. 

The proportion of the hallux to the pollex is less than in any others except Hylo- 
bates, Hapale, Simia, and Tarsius. 

The length of the longest digit of the pes, compared with that of the manus, is less 
than in any except Hylobates and the Chimpanzee. 

The third digit, without its metatarsal, when compared in length with the pes, I have 
only found exceeded by Loris*. 

Cheiromys difiers from absolutely every other Primate in — 

1. The great length of the manus as compared with that of the rest of the pectoral 
limb. 

2. The great breadth of the two ends of the humerus compared with the length of 
the bone. 

3. The manus being more than once and a half the length of the radius. 

4. The great predominance, in length, of the third metacarpal over the others. 

5. The great excess, in length, of the first phalanx of the third digit over its meta- 
carpal. 

6. The length of the pollex as compared with that of the longest digit. 

7. The slenderness of the third as compared with the other digits of the manus. 

8. The length of the longest digit, without its metacarpal, compared wiHi that of the 
longest metacarpal. 

Thus Man is but one of several exceptional forms of the Primates ; nor does ib appear 
that the bony structure of his limbs presents more peculiarities of form and proportion 
than may be detected in that of Tarsius, if even so many. 

Again, the differences in anatomical structure between the appendicular skeleton of 
Man and that of certain Apes is certainly less than that which exists between, the same 
parts in other genem which are counted by followers of Cttviee as Quadrumana, and 
therefore cannot have an ordinal value. 

As might have been anticipated, it is the os innomiaatum and foot which supply 
the great majority of the absolutely distinctive characters. But the pelvis of Man 
differs decidedly less from that of the Gorilla than does the latter &om that of Loris ; 

* I have not been able to compare Brachyurus, CalHthrix, Nycticehtis, and Perodicticus. 
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^elasfc differs from the pelvis of Indiis as much perhaps as from that of 
Itoi, which it re^mbles as r^ards the tuberosities of the ischium^ 

So also frie amoimt of diflfereui^ iu form and proportion betwem the parts forming the 
of Man and their honaologues in the Gorilla is fer less, as has been before abundantly 
demcmitratal*, thmi lhat existing between the same parts in the Gorilla and Orang, 
hfwUwi^ than that which distinguishes the pes of the Gorilla from that of Tarsius! 

Again, the hand of Cynocephalus is indeed like that of Man, when considered beside 
the manus of Ateles, Arctocebus, Tarsius, and Cheiromys ! 

Yet the diff^en<^ which do exist between the appendicular skeleton of Man and 
that of aE other Primates harmonize with his location in a distinct family. 

This frimily is evidently one more closely allied to the Apes than to the Lemuroids ; 
it is one belonging to the Anthropoidea, not to the Lemuroidea. Yet in certain points 
Man approximate to the latter group ; thus the condition of the tuberosity of the ischium 
presented by him is most closely imitated by Loris ; and in the small proportion home 
by both the humerus and by the pelvis to the femur, Man resembles some or other of 
the Lemuroids. The same might be said as regards the length of the tarsus as com- 
pared with that of the spine; but this resemblance is only owing to the peculiar tarsal' 
structure of Galago and Tarsius. In the small proportion borne by the index to the sph^, 
however, and in the length of the hallux compared with the longest digit of the pes, Man 
is more nearly approached by some of the Lemuroids than by any of the Anthropoidea 
inferior to him. Man resembles some or other of the forms of his own suborder, how- 
ever, in the absolute size of the limbs and of the several bones composing them ; also in 
the well-marked anterior vertebral angle of the scapula and the sigmoid form of its ver- 
tebral margin ; in the breadth of the glenoid cavity, the well-defined suprascapular notch, 
and the length of the clavicle as compared with that of the spine. Also in the inward 
direction of the head of the humerus he differs less from the highest Apes than from all 
the Lemuroidea ; and he differs from the last and resembles the Anthropoidea in the 
great length of the humerus as compared with that of the spine, the moderate supinator 
ridge, the absence of the supracondyloid foramen, which is present in all Lemuroids ex- 
cept Arctocebus, but is, as we have seen, absent in the majority of the Anthropoidea. 

Again, he approximates to some of the last-named group in the small proportion 
home by the radius to the humerus, in the width of the greater sigmoid cavity of the 
ulna, and the indirect articulation of the latter with the carpus, in the small propor- 
tion home by the fiirst phalanx of the third digit to its metacarpal in the width and 
Internal concavity of the ilium, in the flattened horizontal ramus of the pubis, in the 
subpuMc groove, and in the length of the. femur compared with that of the spine, in 
which last Man is about equalled by Atelesf, Finally, he agrees with aU the Anthro- 
poidea, and differs from a greater or less number of the Lemuroidea in the ilio-pectineal 

♦ Man’s Mam m Hature, p. 9B. 

t Ik Taraas the jtenr is still longer r^iiTely, hiit so much so as to diverge further from the human pro- 
ex^ss than does that of moat by defect. 

MDCCCMFn, 3 K 
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line mwm £mmng tibe ^^oal interior B^gixi of tiie ffiam, ia ^ ^all U\Ml 
iJie roanded patela, Ao mdlmte coarawil;^ and doagaUffla <rf Ae 

Cte Ae whole^ &iilly Hoamidse lAelf by side witia. Ae&[^be, 

€M>idae, amd H^Ste (t. ^ jadging from Ao t^>€3idic^®r <i%), Awigb 

bably it is m^distlnct from Aem Aaa Aeymofrom mch oA@r. AdbeA^covaadmmg 
the afltoalies of wioas groups of Primates to each oA^, fr is dedinAle te emwaer 
rate Ae wamB prominent characters whiA exist in the sewral diviaoiis ^ A« cmte. In 
end^Touring to collect such I have found conriderable difficulty in obteinh^ 
to s^aate Ae two suborders; Ais has not been, however, on account of any gr^t 
resemblance between them, hut, as in Ae axial Aeleton*, b^ause of Ae great divi^ty 
of tomture presented by Ae suborder Lemuroidea. 

AIITHBOPOIDEA. 

Suprascapular not A often well defined, sometimes a foramen ; humerus often wi Acmt a 
supracondyloid foramen ; os intermedium not interposed between Ae seauiunare and Ae 
unciforme; pollex never reaching to Ae middle of the second phalanx of Ae index; 
index always wiA Aree phalange^ ; third digit almost always f projecting furA^t, 
and being Ae longest ; Aum often br<md, its crest often much arched ; Ao-pectineal 
line never formmg Ae acAal inferior (anterior) margin of Ae Aum ; tuberosities of 
ischium often much expanded and flattened ; Aaft of femur often curved, convex 
forwards, a line drawn from the peroneal (great) trochanter to the condyles, almost 
always cutting its anterior surface; neck more or less elongated; tibial trochanter 
always less Aan the peroneal one ; no Aird trochanter J ; pit for ligameutum teres 
not always present; patella more or le^ rounded; tibial malleolus never much in- 
curved [at its extremity; fibAa always distinct from Ae tibia; distal articular surface 
of entocunerforme never saddle-shaped; fourth digit of pes scarcdy ever projecting 
most, or being Ae longest § ; no proximA phalanx of any of the four outer digits ex- 
ceeding in length its supporting metatarsal. 

HOMnra)^ 

The characters of Man have been given above, under the head of “ExceptionA 
forms.” 

Sttpmscapnlar notch not strongly marked; anterior va1;AaA migle mo^y Ah 
defined humerus without a supr^ondyloA foramen ; ^Uex aewar r^hiig tite 
m AAe of Ae p*oximA phAanx of Ae index ; conjugate di&nmter A* pA^ Abmp 
exceeAng Ae transverse ; length ctf crest of Aum never neaiiy ^mUi^ AA; Ae 

* Proceedings ef ttie 2boI Soe. 1865, p. 5781 t Exc^ in Hl^eria. 

t Exc^t BometimeB in Hylotete, e. g. Ko. S026 in the Mnsenm of die Boyal €o!l^ vi Sisgiras. 

§ Except, agaan, in Pi&raa, tmd dso soaaefces in Fyetij^anffi. It wA aki in 

Ptapile. 
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; cMt mtibieni a i%mc4d cwatsz ^ ; (m Mam amterk^) 

ifOi^ of ikm IMk ; i^phyMs pul^ mudb ekai^^ ; tub^o- 

mAm ttf l^fe, a^ always distaid; ^cam tbe ipiiio oi the ; 

seiayio im&: t&sj mm&m ; brua of |»l?is bl€t» Iwart^baped ; lioea aspera 

«riy 3Siotea^f M»fc^ ; rotekr sur&ce supported hat little mmm by the paroneal 
eoidyle Itei by t3ie tslaal one ; sorfieu^ of tiMa for the peroneal cx)ndyle conrex antero- 
po^morly ; ta*^ irf tibia nev^ very simrp ; posterior bender of articular surface for 
asti^83Ms md deiC3«nding below its anterior border ; peroneal malleolus strongly pro- 
jecting outwards, but only descending al^t as much as the tibial one ; haUux never 
equalling te^fourths the length of the longest digit of p^ ; tuberosity of os calck, 
with its long axis, always bent inwards below ; distal articular surfece of entocuneiforme 
oonvex; metatarsal of hallux with no articular surface for the metatarsal of the index; 
third digit of pes extending further forwards ; phalanges pes long, broad, and 
iatt«i^ or concave beneath, much Kke those of the manus ; either pc^ex or hallax 
with two phalanges, but not always both widi two. 

siMnM. 

Proportion of whole pectoral Hmb to spine, estimated at 100, from about 142 to 
about 220 ; pelvic limb always shorter than pectoral one ; angle formed by the vertebral 
and axillary margins of the scapula, from about 22° to about S5° ; spine of scapula not 
always extending to the vertebral margin ; anterior vertebral angle well defined ; spine 
not grooved behind (below) at its base; surface for teres major little marked: acromion 
as high as coracoid or higher ; coracoid loi^ ; anterior margin of scapula less than, or not 
much more than half the length of, the axillary one ; clavicle more than one-fifth of the 
length of the spine ; humerus more than half of tiie length of the same ; deltoid surface 
of humearus not much marked ; extemsd condyle projecting outwards ; styloid process of 
ulna not so large as the distal end of the shaft of that bone ; manus more than one-third 
of the length of the spine ; ilium more or less largely expanded ; tuberosity of ischium 
only sometimes flattened inferiorly; only profile of acetabulum, and not its cavity, visible 
when outer surface of ilium is looked at ; femur shorter than humerus ; outer condyle 
decidedly smaller than the inner one. 

TBOGhODYTES. 

Length of whole p^torai Mmb less, or but little more than once and a half the 
length of the spine ; angle of axillary margin of scapula, and its glenoid surfeee, about 
120° to 125° ; no os intermedium ; os pisiforme large ; cuneifonne not articulating 
directly with the ulna ; lecgfib of os innominatum more than h^ of that of the spine ; 
os caJeis more than one-tenth of the length of the spine. 

T. fi OUTT.T.A . 

Proportion of supraspinous fossa of scapula very large as compared with infraspinous 
fossa; spine not r^ching to the vertebral margin of scapula; posterior vertebral angle 

3e:2 
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mbottfc S4°; angle lijr witii the axillaiy border about ; supa- and infea« 

s;^oii8 abmi iu breadth at the ^enoidal end of the i^piiie; jta»d 
cun® of ckTide almi^ obsolete ; subacrtHaiai sjmce scarcdy at aU^ humOTS 

i?^en looked atm front, with the ulnar tuberosity hiding the n^k of the b^e ; ulnar 
ridge ef trocMm projecting very little below the capitellum; manus 1©^ ihm Huree- 
fourths of the length of the radius; iliac fom strongly conoi?© ; a distinct subpalnc groove; 
shaft of §emm expanding gradually downwards ; great trochanter not proj^ting nt aH, 
peronead beyond the shaft of the femur ; trochanteric fossa very shallow ; smnefrtn^ no 
depression for the ligamentum teres ; external condyle projecting back much less than the 
internal one ; surface above the inner condyle not prominent ; inner surface of mali^lus 
not nearly at right angles with the distal articular surface of the tibia; length of hallux, 
without the metatarsal, less than one-fifth of that of the pes; tuberosity of c^caneum 
at its maximum of relatiTe length, and produced only downwards (Plate XIIL %. 6); 
astragalus nt its minimum of length to breadth (Plate XIIL fig. 7) ; surface for tibial 
malleolus nearly on a level with the top of the astragalus ; tarsus largely exceeding metet- 
tarsus in length ; hallux reaching the distal end of the proximal phalanx of the index. 

T. NIGEE. 

Proportion of supraspinous fossa of scapula only moderate as compared with infra- 
spinous fossa ; spine reaching quite or almost to vertebral margin, and sometimes end- 
ing nearer to the anterior than to the posterior end of the latter ; posterior vertebral 
angle only about 22° ; angle formed by spine with axillary mar^ about 20° or 24° ; 
supraspinous fossa much wider than the infraspinous one at the glenoidal end of the 
spine ; sternal horizontal curve of clavicle rather marked ; subacromial space decidedly 
concave ; ulnar tuberosity not hiding the neck of the humerus when the bone is looked 
at in front ; ulnar ridge of the trochlea projecting much below capitellum ; manus more 
than three-fourths of the length of the radius ; iliac fossa vejy slightly concave, or not at 
all so ; no subpubic groove ; shaft of femur expanding suddenly at the condyles ; great 
trochanter projecting slightly peronead beyond the shaft of the femur ; trochanteric fosm 
very deep ; pit for the ligamentum teres constantly present ; condyles projecting back- 
wards not very unequally ; surface above the inner condyle prominent ; inner surface 
of malleolus nearly at right angles with the distal articular surface of tibia ; length of 
haHux, without the metatarsal, one-fifth of that of the pes, or more ; tuheimtyof calca- 
neum concave behind, and produced both upwards and downwards ; surface for tibial mal- 
leolus forming a decided angle with upper surface of astragalus ; hallux reaching a little 
beyond the proximal end of the second phalanx of the index. 


SIMIA. 

The main characters of this genus have been already given amoi^ ‘‘Exceptional 
ferns,” 
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HXLOBATM. 

P^teal limb about twice tiie lengtibi of the spiae ; entire pelvic limb scarcely more 
than Hiree-fourths of the length of the pectoral one ; angle of spine of scapula, with 
axillary maigm, about 12° or. 15° ; nngle of glenoid surface, with the same, ^out firom 
93° to 105° ; proportion of supra- to infraspinous fossa very large ; spine ending consi- 
derably nearer the posterior than the anterior end of the vertebral margin, which margin, 
however, it scarcely att^s ; axillary margin nearly straight ; supraspinous fossa largely 
exceeding the infraspinous one at the glenoidal end of the spine ,* glenoid surface rounded 
and shallow; clavicle more than one-quarter the length of the spine ; acromial horizontal 
curve of clavicle almost obsolete ; humerus somewhere about three-fourths of the length of 
the spine, and approaching three times that of the scapula; head of humerus very glo- 
bular ; tuberosities very small, and much below the summit of the head of the humerus ; 
radius more than four-fifths of the length of the spine ; metacarpal of poUex about one- 
tenth of the length of the spine ; an os intermedium ; cuneiforme articulating directly with 
the ulna ; metacarpals increasing markedly (in length and in extension distad) from the 
fifth to the second ; pisiforme long but slender ; trapezium with a rounded convex arti- 
cular surface for metacarpal of pollex ; ilio-pectineal eminence very large ; subpubic groove 
generally distinct ; symphysis pubis very long ; tuberosities of ischium large and flattened 
beneath ; shaft of femur very straight ; trochanteric fossa deep ; external condyle project- 
ing back much less than the internal one ; tibia more than half of the length of the spine ; 
hallux reaching to the middle or more of the proximal phalanx of index ; metatarsal of 
hallux more than one-tenth of the length of the spine, 

SIMIID.E OTBDEE THAH THE S TMTT^ JE. 

Proportion of whole pectoral limb to spine, at 100, from about 91*7 to about 121*3; 
pelvic limb always longer than pectoral one ; angle formed by the vertebral and axillary 
margins of the scapula from about 50° to about 75° ; spine of scapula always reaching its 
vertebral margin ; anterior vertebral angle not well defined ; spine grooved behind at its 
base ; surface for teres major much marked ; acromion often not nearly so high as cora- 
coid ; coracoid very short and bent in towards glenoid surface (Plate XI. fig. 3) ; anterior 
margin of scapula much more than half of the length of the axillary margin (Plate XI. 
fig. ; clavicle less than one-fifth of the length of the spine ; humerus less than half of the 
length of the same; deltoid surface much marked (Plate XII. fig. 4); external condyle 
pressed forward and, as it were, flattened against capitellum ; styloid process as large as, 
or larger than, the distal end of the shaft of the bone ; manus less than one-third of the 
length of the spine; often a process extending backwards from the proximal end of the 
fifth metacarpal; an. os interm^ium; cuneiforme joining ulna directly; pisdbrme 
large ; crest of iHum short ; no suhpubic groove ; tuberosity of ischium large and always 
flattened beneath ; greater part of cavity of acetabulum visible when outside of ilium 
is looked at; femur longer than humerus; outer condyle of nearly the same size as the 
innmr one; hallux always with two phalanges. 
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SE3£KO?H3aDB(l»iB. 

JMte cMilf witli olie phalaBar, and if mA. imh <a% roirfai^ 

^k& Hie proximal phalanx of the ind^; MUnx ^teirfaig n Mttte bey®^ 

dbe irf ^ proximal phalanx of tlm index of the pes. 

CYNOPITHECm-^ 

Pc^fcx ahrap with twa phalanges, and sometimes n^ly readbi^ tlm middle of the 
poxia^ i^imknx of &e index ; hallnx nearly attaining the distal end of Hie pnadmal 
pttthynx ef the index of ^ pes. 

Timm m great mmilaiity in Hie limh-sfcructure of all the SimiideB other than Hie 
and a series of graditai modiheations leads from the form and proportions 
fom^ in Senmopithecus to those existing in Cynocephalus. 

CEBID^ AlO) HAPAUD^ 

Pelric limb always longer than the pectoral one, except sometime in Atel^; poste- 
rior vertebral angle horn about 30° to about 50° ; anterior margin alwap more Hian 
half the axillary one, except in Atei<^ ; spine ending in firemt of the middle of the ver- 
tebral margin of the scapula ; suprascapular notch generally well defined, sometimes a 
foramen; supra^inems fossa much exceeding the infraspinous one at the glenoidal 
end tim scapula ; clavicle with a rigmoid curvature ; extmmal condyle of humerus 
very small, and more or less confounded with capitellum ; olecranal fossa shallow, imper- 
forate ; capitellum relatively very large ; ulnar ridge of trochlea very li^e produced ; 
styloid process of ulna very large ; ridge for pronator qmdratm often much marked ; 
proportion of pollex, without metacarpal, to manus always greater than in the 
^imikhe (ex<^pi of course in Ateles) ; pollex attaining distal end of poximal phalanx 
-of h^ex (except of course in Ateles) ; an os intermedium present ; cuneiforme articulating 
direcHy witii ulna ; <miy a very small process projecting back from the proximal end of 
the fifh metacarpd ; ilium never much expanded ; iliac fossa very narrow and never 
strongly concave ; brim of pelvis never heart-shaped ; ccmjugate diameter of pelvis alimys 
exceeding Hie transverse one ; length of crest of ilium never nearly equalling that of the 
os innominatum, and without any sigmoid curvature ; spinous proce^ of iHum litt^ 
marked ; tuberorities of ischium nevm: broad and flattened beneath, but distani frcaa spine 
k£. iidhium ; viatic notches very slightly concave ; greater ]^trt of cavi^ of ^tehulam 
virible when the outside of Hie ilium k looked at ; trochanteric fossa d^p; 1mm aspera 
liHle masked ; m) third trochanter ; rotular surface but little more mi Hie pemuml 
condyle Aim on Hie tibial xme ; surfece of tibia for peroneal condyfo mom or less mmv^ 
antero-p^terinrly; ermt of tibia n^er very sharp; posterior hoarier of ^riice 

for a^ragalm not ^^ndmg below its anterior border ; pmm^d maHmlus ^^ly pro- 
jecting outwards, hat not descending further than the tibiri one; hidiux never much 
exceeding half the ImigHi of the icaigmt ^git, metotor^^ include; tub^mly of os 
calcis with its long axis always bent inwards bdow; mtocai^feme i^h ito diiHd 
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sui&ce ccaiTex ; metataiml <rf haE«x witli bo articAr mirfe.ce for mefetan^ 
^ ; ftiM i%it of pes alm^ always llie (»e €xtea4iag for^art fcwar4s, if im^ 

ttiiid, tihen the fourth; phalasges of lo»g, br<^ aad fiattea©4 <« pcaicay# 
hen^h, much like those of the mmms ; hallux always with two phaksg^. 

CEBID^. 

luner condyle of humerus generally produced do^wards nearly to the level of the 
margin of the inner |^t of the trochlea; often a supracomiyloid foramen; radius only 
one-fourth of the length of the spine ; proportion of hallux, without its metatarsal, at 
100, to pes, firom about 18-4 to 20*1 ; hallux reaching from the middle to the distal end 
of the proximal phalanx of the index ; ultimate phalanges never laterally compressed, 
sharply curved and pointed. 

ATELES, 

Pelvic limb sometimes shorter than the pectoral one ; proportion of pectoral limb to 
spine grater than in any other Oebidm, or than in any LemuridsB ox lower Simiidse ; 
proportion of pelvic limb to spine greater than in any other Anthropoidea except Hylo- 
hates ; length of scapula to spine greater than in any other of the Anthropoidea except 
the Simhnse ; its anterior border less than half of the length of its axillary border ; angle 
of glenoid surface, with axillary margin, about 110°; posterior vertebral angle about 80°;. 
proportion of the supraspinous fossa to the infraspinous fossa very large ; spine not quite 
reaching the vertebral margin ; a suprascapular foramen ; surface for teres major not pro- 
jecting ; acromion very long and narrow ; clavicle nearly a fifth of the length of the spine ; 
tubercle for trapezoid ligament very marked ; humerus more than half of the length 
of the spine ; tuberosities small and decidedly below the head of the humerus ; no supra- 
condyloid foramen ; ulnar ridge of trochlea very small and not descendiug below the 
inner condyle ; medullary foramen of humerus opening at the end of a long groove ; 
styloid process of ulna enormous ; m’eduUary foramen of radius often directed distad ; 
manus nearly half of the length of the spine ; poUex often less than one-tenth of the length 
of the mme ; propcurtion of metacarpal of poUex to spine sometimes greater than in any 
other of theCtebidm or Hapalidse; pollex often with only one phalanx; piaforme small; 
trapezium with no distal concavity; crest of ilium much arched, concave outwards; 
tubmrosity of ischium vmy small ; acetabulum very shallow ; pero(njeal trochanter smaU, 
not 80 high as head of femur; peroneal trochanter not projecting peronead beyond 
riiaft ; pit for H^maitum teres very large ; outer condyle much smidler than the iimmr 
one ; exceeding half the length of tire sjane ; pes shorter in proportion to the nmnv^ 

timn in any otimr Primates ex^pt the Simiinm and Cheiromys ; hallux much more timn 
twice md a half the Isogtii of hbe 

lAGOTHEJX 

Pdbic limb s%htiy longer than pectoral one; pectoral Mmb more tium (mce and a 
q«*et©r the length of the spine; proportion of supra- to infeaspinous fom even 
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greater thaa ia AMes ; aateiior aiai^in madi more thaa Hdf the leagth of the axillm^ 
oae, aad witib a deep aotch sometimes coaverted iato a foramea; spiae at its gleaoidal 
ead eomii^ to axillary border; clavicle aearly oae-fifth of the length of the spiae; 
taberodties of hamerus small and deddedly below ita head; no sapraeoadyloid fora- 
men ; poBex always with two phalanges ; taberosity of ischipm approaching slightly 
nearer to the spine of the ischiam than in Ateles (Plate XIII. fig. 1) ; peroneal trochanter 
larger than in that genas, and rising above the sammit of the head ; pit for ligameatam 
teres of moderate size ; oater condyle mach smaller than the inner one ; haUax not 
reaching qaite so far forwards, with regard to the index of the pes, as does the poHex 
with respect to that of the manas. 


CEBITS. 

Scapala mach like that of the lower Simiidse, bat tmpezoid ridge very prominent and 
sharply defining the saprascapalar notch ; spine transverse and grooved behind at its base ; 
spine at its glenoidal end coming close to axillary margin ; sarfiice for teres major very pro- 
minent ; clavicle mach less than one-fifth of the length of the spine ; sternal horizontal 
carve of clavicle less marked than in Lagothrix and Ateles ; taberosities of hameras 
almost rising to a level with the sammit of its head ; bicipital groove and deltoid sarface 
very marked ; a distinct supracondyloid foramen ; radias and alna mach carved ; styloid 
process of alna long, bat not like that of Ateles ; pisifonhe large ; trapeziam sometimes 
with a very slight distal concavity; taberosity of ischiam roanded; anterior inferior 
(saperior anterior) spinoas process of iliam disgaised by the projection of the anterior 
(saperior) end of the dio-pectineal line ; peroneal trochanter well developed, pointed, 
and projecting peronead beyond the shaft of the femar ; condyles approaching, but not 
attaining the equality existing in those of the lower Simiidse. 

MYCETES. 

Proportion of the supraspinous fossa to the inJfraspinous one greater than in any other 
of the Anthropoidea except the Gorilla ; a peculiar process projecting forwards firom the 
anterior margin of the suprascapular foramen (Plate XL fig. 4 ^) ; spine flattened at its 
upper (posterior) end ; sabscapalar fossa crossed by very strong ridges ; clavicle remark- 
ably and exceptionally slender (Plate XII. fig. 3) ; tuberosities of humerus very much 
below its head ; no supracondyloid foramen ; inner condyle descending as low as the 
inner margin of the trochlea ; olecranal fossa shallow, imperforate ; ridge on alna, for 
'promtor gmdratus, very strongly marked ; pisiforme large, and expanded at its distal 
end ; anterior inferior (superior anterior) spinous process of the Hiam distinct from that 
process which is the prolongation forwards (upwards) of the ilio-pectineal line ; ilio- 
pectineal eminence sometimes a very prominent process ; a mo^ or less marked sab- 
pabic groove ; shaft of femar exj^nding very gradually downwards (Plate Xm. fig. 4), 
and mach antero-posteriorly compressed at its lower half; linea aspera represented 
by a wide groove with very distinct lips; trochanteric fos^ deep; peroneal trochanter 
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not rtog to the level of the top of the head of femur, and projecting very slightly 
peron^ beyond the shaft ; ridge for gluteus moMmm very strongly marked ; outer 
condyle much smaller than the inner one; patella rather long and narrow; ‘hallux 
r^hing nearly to the middle of the proximal phalanx of the index. 

HYCTIPITHECFS. 

Anterior maigin of scapula strongly convex, and suprascapular notch well defined, 
but never replaced by a foramen; a supracondyloid foramen generally* present; con- 
dyles of femur nearly equal ; proportion of pes to whole hind limb and to tibia greater 
than in any other of the Anthropoidea except Simia and Hapale ; fourth digit of pes 
sometimes longest and most projecting. 


Scapula with no projection for the teres major; no suprascapular foramen, but the 
notch sharply defined ; a supracondyloid foramen ; length of radius to spine less than 
in any other of the Anthropoidea except Hapale ; condyles of femur about equal in size 
and production backwards. 

CHRYSOTHRIK. 

Proportion of pectoral limb to spine smaller than in any other of the Anthro- 
poidea ; anterior margin of scapula convex, and equalling four-fifths of the length of its 
axillary one ; no supr^capular foramen ; spine at its glenoidal end coming remarkably 
close to the same margin ; surface for teres major very marked ; suprascapular notch not 
well defined ; manus scarcely more than a fifth of the length of the spine ; length of pollex 
and of longest digit to spine less tiian in the other Cebidae ; femur only two-fifths of the 
length of the spine, and therefore relatively shorter than in any other Anthropoidea 
except Hapale ; condyles rather unequal ; pes shorter in proportion to spine than in 
any other of the Anthropoidea except Man, and sometimes Cynocephalus. 

PITHECIA. 

Supraspinous fossa very small when compared with the infiraspinous one (Plate XI. 
fig. 6) ; anterior vertebml angle sometimes distinctly marked ; suprascapulmr notch very 
little defined ; a supracondyloid foramen ; internal condyle not descending to the level 
of the inner margin of the trochlea ; fourth digit the longest, and projecting most in 
both the manus and the pes. 

BEACHTUETJS. 

Antaior vertebral angle of scapula not distinctly marked ; suprascapular notch very 
litfte defined ; a supr^ondyloid foram^ ; internal condyle descending as low as the 
inn^ margin of the trochlea; spme of ischium rather prominent from the inclination 
downwards (forwards) of the tuberosity of the ischium. 

• In H. vfflosTO (Ho. 68 B. in the British Mnsenm) th^ is none. 

3 h 


MmXLKVIL 



#0 m m. momm mrvAWt oh thb SEJ2®oir os* thm piimai®. 


HAPALEDw®. 

The p^ailariti^ of this &milf Imve be^ mentioaed amongit the ‘‘Exceptional 
forms.” 

LEMUSOrDEiL 

Spine of ®mpula ending anteriorly (superiorly) to the middle of the wrtebral mmgin of 
the bone ; suprascapular notch ill defined ; glenoid surface narrow ; claficde never so much 
as one-fifth of the lei^h of the spine; humerus never h^f the length of the same ; 

. intend condyle not descending so low as the edge of the inner margin of the trodbl^ ; 
almost always a supracondyloid foramen * ; supinator ridge almost always large and pro- 
minmit ; styloid process of ulna always articulating directly with the cuneiforme ; interme- 
dium generally present, and sometimes interposed between the semilunare and the imcn- 
forme ; pollex sometimes reaching beyond the middle of the second phalanx of the index, 
which latter hs^ sometimes only two phalanges ; pollex always with two phalanges ; 
fourth dig^t of manus almost always f the longest ; ilium never very broad, or its crest 
mndi arched ; ilio-pectineal line often forming the actual inferior (anterior) margin of 
the ilium ; tuberosities of ischium never :^ttened beneath ; no subpubic groove ; sciatic 
notches very slightly concave ; brim of pelvis never heart-shaped ; conjugate diameter 
of pelvis always exceeding the transverse ; a line drawn jfrom the most anterior part of 
the peroneal trochanter to that of the condyles passing quite in front of the shaft of the 
femur ; linea aspera faintly marked or absent ; neck of femur very short ; tibia! trochanter 
sometimes larger than the peroneal one ; often a third trochanter ; pit for ligamentum 
teres constant ; rotular surface but little more supported by the peroneal condyle than by 
the tibial condyle; patella often much elongated; inner malleolus often much incurved 
and compressed; fibula not quite always distinct from the tibia; peroneal malleolus not 
descending Mow the level of the tibial one ; anterior border of articular surface of tibia 
for astragalus descending a little further than the posterior border ; crest of tibia never 
very sharp ; haEux sometimes equalling three-fourths of the length of the longest digit ; 
tuberosity of calds always inclined more or less inwards inferiorly; ^tal articular 
surface of entocuneiforme convex, and mostly saddle-shaped ; hallux always with two 
phalange ; fourth digit of pes always longest and most projecting ; phalanges of pes 
resembling much those of manus; proximal phalanges sometimes longer thmi their 
^pporting metatarsals. 

LEMUEID^. 

Pectoral limb never moie than slightly exceeding the length of the spine; pelvic 
limb, minus the pes, never so long as the spine ; surface of scapula for teres major very 
slightly marked; coracoid process long; radius never half the length of the spine; 
manus never nearly attaining that j^oportion ; manus never Icmger than radius; pollex, 
with its metacarpal, never one-fifth of the length of the spine ; longest digit never attain- 
ing that proportion ; fibula never aachylosed to tibia ; hallux reaching to the middle of 
the second phalanx of the index, or beyond it. 

* Always ia Aretosebas. 


t Always except m 5'araitis. 



m MIVA]^ OK TSB SKMJSaOH <W THE PSIMAim 


421 


lElffTrEIBiB OTHEE TEAK THE irrcnCSEBIKiE. 

Pectoral Emb always shorter than ^iae ; anterior margin of scapula convex ; clavicle 
often with only one horizontal curvaLture ; great tuberosity of humerus as higH as its 
head; supracondyloid foramen large and constant ; olecranal fossa imperforate; inter- 
medium present or absent ; tuberosities of ischium never approaching very near its 
spine; posterior inferior (inferior anterior) spinous process of ilium well developed 
(Plate XIII. %. 2, s^) ; condyles of femur unequal ; head of femur not compressed ; 
rotular surface deep, its margins very unequal; patella elongated; tibial malleolus 
opening from the side of the tibia; groove for tibialis posticus not extraordinaifry 
marked; tarsus sometimes much elongated; naviculare more or less considerably 
enlarged antero-posteriorly. 

INHEIS. 

For this see above, “ Exceptional forms.” 

mCROEHYNCHUS*. 

Humerus with a strong sigmoid curvature, also supinator ridge; olecranon very 
small ; ulna not diverging from radius so much as in Indris ; pisiforme very small ; no 
os intermedium ; proportion of metacarpal of index to that of pollex as 183*3 to 100, or 
greater than in any other Lemuroid; tibia to radius as about 149*1 to 100, or almost 
the proportion of Man ; fibula exceedingly slender ; length of cuboid to os calcis as 
about 37*6 to 100 ; of naviculare to the same, about 38*9 ; naviculare expanding down- 
wards but little. 

LEMUR. 

Pectoral hmb scarcely more than three-fourths of the length of the spine ; angle of spine 
of scapula with vertebral margin less than in the other Lemurid® measured ; supraspinous 
fossa very large as compared with the infraspinous one ; margin of spine of scapula 
slightly bent over the mfraspinous fossa ; spine approaching very near to the axillary 
margin and glenoid surface ; supraspinous fossa slightly exceeding the infraspinous one 
at the glenoidal end of the spine of the scapula ; acromion remarkably flattened and con- 
cave externally, with a strong metacromion-like projection over the infraspinous fossa ; 
davicle sometimes less than a tenth of the length of the spine ; shaft of humerus much 
curved ; great tuberosity rising above the head of the humerus ; supinator ridge exceed- 
ingly marked ; radius sometimes only a quarter of the length of the spine ; ridge on ulna 
for pronator quadratus very large; an os intermedium; fifth digit longer than index ; 
ilio-pectiaeal hne not forming the actual inferior (anterior) maj^in of the ilium; 
poroneal trochanter rising more or less above the head of the femur, and projecting very 
^cmead beyond the shaft; trochanteric fossa small but deep; a third trochanter; peroneal 
^ndyle smaller than the tibial one ; tarsus but little mc»e th^ one-tenth of the length of 

* Far fordid details see Proe. Zmh Soc. 1866^ p, 133. From the stnieture of the akulPl have now no 
donlrt hnt die ^c^ithmts diadema^ of Bennett, dosely resemble Indris hrevimudaPus in its i^pendicnlar ske- 
ZooL 1887, p. 247. 
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the spine ; cuboid nearly half the length of the os calcis ; length of os calcis less than 
one-tMrd of that of &e tilna. 

MICEOCEBUS* 

Os calds one-third of the length of the tibia. 

GALAGO. 

l^tire pelvic limb more than once and a half the length of the entire pectoral 
one, both with and without menus and pes ; angle of spine of scapula with its axilkry 
margin less than in any other of the Primates measured, except Hylobates ; supraspinous 
fossa nearly equal in size to the infraspinous one ; spine of scapula approaching close to 
axillary margin and glenoid surface ; clavicle considerably more than one-tenth of the 
length of the spine ; shaft of humerus nearly straight ; tuberosities not quite rising to 
the level of the top of the head of the bone ; ilio-pectineal line forming the actual 
inferior (anterior) margin of the ilium; a small ilio-pectineal eminence; peroneal 
trochanter small, rising very slightly above the neck of the femur, but projecting much 
peronead beyond its shaft; a large third trochanter; trochanteric fossa very small; 
outer condyle extending back almost as much as the inner one ; patella small, not much 
elongated ; os calcis and naviculare very much elongated, the first being nearly one- 
fifth of the length of the spine ; cuboides but very little more than one quarter of the 
length of the os calcis, which last is more than one-third of the length of the tibia ; 
whole pes about half the length of the spine ; pes more than once and a half the 
length of the manus ; tarsus nearly one-fifth of the length of the spine. 

NYCTICEBINiE. 

Pectoral limb sometimes longer than the spine ; anterior vertebral angle well defined ; 
spine ending not fer from the posterior end of the first third of the vertebral margin, 
which margin it almost always reaches ; infraspinous fossa more or less exceeding the su- 
praspinous one near the glenoidal end of the spine (Plate XI. fig. 6) ; spine of the scapula 
not nearly approaching the axillary margin ; no marked surface for the teres major ; 
glenoid surface, as it were, twisted above (Plate XIL fig. 2) ; clavicle more than one- 
tenth of the length of the spine, with a more or less marked sigmoid curvature, and no 
acromial expansion ; tuberosities of humerus always more or less below its head ; supi- 
nator ridge slightly or strongly marked; supracondyloid foramen sometimes abs^t; 
olecranal fom sometimes perforated ; styloid process of ulna always exceedingly long, 
sometimes curved ; os intermedium constant ; pisiforme very small ; sometimes an mttm 
ossicle in transverse ligament of carpus; index digit sometimes at its minimum ; tube- 
rosities of ischium approaching near to the ischial spine (Plate XIII. %. 3) ; posterior 
inferior (inferior anterior) spinou| process absent or very minute ; , crest of ilium rmnark- 
ably short ; pelvis very narrow transversely ; no pubic spine ; ilio-pectineal line formir^ 
the actual inferior (anterior) mmgin of the ilium (Plate XIII. fig. 3) ; symphysis pubis 

* Por furtiier details see Jh. Pbteb’s ‘ Edse nach Mossambique/ p. 17. 
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gen^pally ver^ diort; neck of femur ^ but obsolete; peron^ trochanter very small, some- 
times smaller than the tibial one, which is always large ; scarcely any distinct third 
tro^anter; head of femur more or le^ compressed; rotular surface very sl^allow; 
tibia with a strongly marked process overhanging the fossa for the tibialis anticus ; 
fecet of tibia for outer condyle very convex antero-posteriorly ; tibial malleolus pointed, 
curved, and compressed, and sometimes springing rather from the front than from the 
tide of the tibia ; groove for flexor lorhgus halluims very marked ; groove for flexor 
Imgm digit&rum separated from the others by a strong process ; surface of tibia for 
astragalus with its long axis directed antero-posteriorly ; patella small and rounded ; os 
calcis less, or but little more, than one-twentieth of the length of the spine ; tuberosity 
of os calcis small and much inflected ; naviculare very short antero-posteriorly (Plate 
XIV. fig. 10) ; hallux reaching beyond the middle of the distal phalanx of the index. 

LOEIS. 

For the characters of this genus see above, “ Exceptional forms.” 

HTCTICEBIJS. 

Proportion of supra- to infraspinous fossa very small ; anterior margin of scapula 
uniformly concave (Plate XL fig, 6); a supracondyloid foramen; olecranal fossa imper- 
forate ; peroneal trochanter not rising so high as the summit of the head of the femur, 
which is extremely compressed ; pit for ligamentum teres enormous ; condyles project- 
ing about equally backwards. 

PERODICnCIJS. 

Posterior vertebral angle of scapula very obtuse (Plate XII. %. 1) ; angle of spine 
of scapula with axillary margin very open ; proportion of supra- to infraspinous fossa 
large ; anterior margin of scapula with a slight prominence in its middle, otherwise 
straight ; anterior vertebral angle very well defined ; spine of scapula approaching axil- 
lary margin and glenoid surface more closely than in Loris ; shaft of humerus much 
curved ; a remarkably deep pit for the insertion of the infraspinatvs ; supinator ridge 
very strongly marked ; external condyle, as it were, much extending the distal articular 
surfe-ce of the humerus; u large supracondyloid foramen; olecranal fossa imperforate; 
intemal condyle large, truncated ; an extra ossicle beneath {i. e. palmad to) carpus 
(Plate XIV. fig. fi), and another beneath tarsus ; poUex much exceeding index in length, 
and rmching to the middle of the third digit ; index with only two phalanges ; tube- 
rosity of ischium rather more everted than in Loris, and not approaching spine of 
ischium so nearly ; peroneal trochanter projecting strongly forwards, and a little peronead 
l^ond the shafr of the femur ; tibial trochanter a wide flat process, sometimes larger 
than the peroneal one; only a fidnt impro^on of the ligamentum ter^ on femur; inner 
rondyle projecting back more than the outer one ; peroneal malleolus very large and 
mastive ; hallux attaining to nearly the middle of the distal phalanx of the index. 
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ABCTOCEBm 

Propc»fd(M of sup^ to the infi^inous fossa very large ; firee of s|^e of scapula 
much iattoied ; anterior margin of scapula with a (Kmvraty as in L(m^ ; gi«^ tnberosity 
of hnmerns not rimng to the level of the summit of its h^ ; intaml condyle promi- 
nmt, but no supracondyloid foramen; index with only two phalange; poEex rmchmg 
altogether beyond indes and to ultimate phalanx of third digit, whieh third digit is 
remarkably short; peroneal trochanter very small, and not projecting peronead bey<md 
the riiaft of the femnr; trochanteric fossa very small ; tibial trochanter a large pla^l&e 
process, exc^dingthe peroneal trochanter in size; no third trochanter; hallux 
to the end of the index digit of the pes. 

TAESm)^ & GHEIEOMIIDJS. 

For the main peculiarities of these families see above, where they are the last two of 
the “ Exceptional forms ” given above. 

To sum up the results of the foregoing observations, the Primates appear to present 
ns (as regards their appendicular skeleton) with six principal types of structure, 
namely, (1) Homo, (2) Simk, (3) Cercopithecus, (4) Nycticebus, (6) Lemur, and 
(6) Tardus. The first, however, has relations both with the third and fourth, some 
of the Nycticebinae resembling Man more than all, or almost all, the other Primates 
in the proportion home by the arm, without the manus, to the spine ; in the propor- 
tion home by the radius and ulna to the same ; in the length of the poUex as compared 
with that of the longest digit ; in the proportion borne by the tibia to the humerus 
and to the femur ; in the length of the pes as compared with that of the tibia ; in the 
nmrked anterior vertebral angle of the scapula; in the small supraspinous fossa; in 
the excess of the mfiraspinous fossa over the supraspinous one near the glmioid surface ; 
in the short symphysis pubis ; in the very peculiar tuberosity of the ischium. More- 
over, one or more of the Nycticebinae differ from the other Lemnroidea and approxi- 
mate to Man in the greater or less degree of sigmoid curvature of the clavicle, and in 
the absence, in one genus, of the supracondyloid foramen in the humerus. 

Beside the above six types, other forms show, as we have seen, more or le^ 
marked peculiarities ; and perhaps the affinities between the various groups of the order 
(as r^ards die characters offered by their appendicular skeleton exclusively) may be 
feirly represented under the symbol of a tree. The trunk of such a tree divides into 
two main branches, for the Aathropoidea and Lemnroidea respectively. 

The fimt main branch gives off a secondary one, which represents Man ♦, mid &en 

* It stoTiia be hmm in mind that fiik is oaly an stteiftpt to express the d^rees irf tmmhlmm 
amongst the appendieutar ^eletons of Frim^, mA die affinities indicated by tb^ os^^^ogy stiH 

less that evidenced, by the totally of their oi^^atiaa. It k, in great part, the ce^ eaose 

Han to diveige so from tlm oth^ Anthr^^dh^, , 
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two o^er secmdary bmnckes for Oie American Ap^. It then bifurcates to symbol^ 
the Siiaiinm and lower Sirniidae. The secondary biancb for the Cebidm gives off a very 
dWnct twig to repre^it Ateles, and Lagothrix and Mycetes are al^ spemsA ferns. The 
^ondary branch, stending for the lower Sirniidae, gives off a tw% for the Semnopitiiecinae, 
which is parallel to that for Ateles. lhat for the Shaiinae giv^ off twi^ (for Tro- 
glodytes) which approximate in direction to that followed by the branch repre^nting 
Mm. It then gives off another twig (for Hylobates) and culminates in Simla. 

The ^cond main branch gives off, almost from its starting-point, and on the side next 
the higher Primates, a secondary branch to represent the Nycticebin®. Some con- 
siderable distance higher up, on the same side, another twig stands for the Indrisinse, 
while the branch itself culminates in Lemur, but gives off twigs for Galago and 
Cheiromys respectively, while almost from the base of its outer side, md diverging 
widely from the branches and twigs representing all other Primates, springs a twig 
symbolizing the very anomalous genus Tarsius ; a form, as we have seen, as distinct in 
limb structure from the rest of the Order as is the genus Homo. 

Thus the detailed examination of the appendicular skeleton of all Primates gives 
results not destitute of zoological value ; but its main interest consists in the bearing it 
has upon the skeleton of Man, the characters of which can, I think, be more fully and 
correctly appreciated after such a comparison than when it is contrasted with that of 
the highest Apes alone. 


Desceiption op the Plates. 

Where not otherwise stated, the figures are of the natural size. 

PLATE XI. 

Fig. 1. Scapula of an adult male Boschisman, from the skeleton No. 6S57 in the col- 
lection of the Royal College of Surgeons. 

This shows the remarkably convex superior (in all but Man anterior) 
margin. 

Fig. 2. Scapula of Cynocephalus (No. 4731 in the same collection), showing the enor- 
mous convexity of the anterior margin and the prominence of the proems for 
the trapezoid ligammit ; also the obtuse termination of the acromion. 

Fig. 3. Front view of the glenoid surface of the same, showing ite elongation, the small 
height attained by the acromion, the extreme shortness of the coracoid pro- 
cei^ (iz), and the great relative length of that for the trapezoid hgammit (^), 

Fig. 4. Scapula of Mycetes, from the skeleton No. 4718 B. in the same collection. 

This shows the peculiar process (s) in front of the suprascapular foramen ; 
also the very large size of the supraspinous fossa, and the flattening of riie 
margin of the spine. 
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Fig. 5. ^^pula of Pithecia from tLe moimted specimen in the British Museum, showing 
the extremely small supraspinous fossa. 

Fig. 6. Scapula of NTycticebus tardigraSius, from the skeleton Ko. 4634 a. in the Museum 
of the College of Surgeons. 

This shows the small size of the supraspinous fossa, the shortness of the 
acromion, and the concavity of the axillary margin. 

PLATE XII. 

F%. 1. Scapula of Perodicticus, from a skeleton in the British Museum. 

Here the supraspinous fossa is large, the vertebral margin very convex, and 
the axillary one concave. 

Fig. 2. View of the glenoid surface of the same, showing the length of the coracoid 
process, and its divergence from the glenoid surface. 

Fig. 3. Clavicle of Mycetes. 

Fig. 4. Humerus of Cynocephalus, showing the strongly marked ridges, the great 
descent of the inner end of the trochlea (t), and the small projection of the 
external condyle ; also the great thickness of the shaft, the considerable ele- 
vation of the great tuberosity, &c. 

Fig. 5. Lower half of humerus of Mycetes, showing the descent of the inner condyle (c) 
to a level with the inner end of the trochlea (f). 

Fig. 6. Humerus of Indris, showing the very prominent border of the bicipital groove, 
the large and truncated inner condyle, the slight projection of the inner 
margin of the trochlea, &c. 

Fig. 7. Radius and ulna of Indris, showing the wide interval between the bones, their 
cylindrical form, small olecranon, &c. 

PLATE XIII. 

Fig. 1. Os innominatum of Lagothrix, from the skeleton No. a 4718 a in the Museum 
of the Royal College of Surgeons. 

p. Subpubic groove. 

The tuberosity of the ischium rather approaches the human form. 

Fig. 2. Os innominatum of Indris, from the skeleton in the College of Surgeons 
Museum. 

sp. The enormous posterior inferior (inferior anterior of Man) spinous 
process. 

Fig. 3. Os innominatum of Loris gracilis, from the skeleton No. 4633 in the same col- 
lection. 

This shows at m the ri(^^ which runs obliquely outside the ilium, and 
which appears to answer to the anterior margin of Man ; as also s to his 
inferior anterior spinous process. 

t i represents the singulmrly man-like tuberosity of the ischium. 

MDCOCLXVII. 3 M 



4^ MB. ST. 01OBSE MITABT OH THE SESOTOH OB THE jKKimi®. 

Fig. 4, Femor of Mycetos (firom the same skeleton as the scapula md clavicle ^ete 
taken firomX skewing the very gradual incr^se domwards of the transverse 
diameter of the shaft, &,c. 

1%. 6. Posterior surface of the upper part of the femur of Hapsde, from the ^deton 
No. 4666 in the Museum of the College of Surgeons. 

This shows the wide space between the trochanters behind. 

Fig. 6. Outer surface of the os calcis of the Gorilla (5179 a.q. College of Surgeons), 
showing the deep groove outside it, and the very prolonged tuberosity, with 
the strongly marked inferior concavity of the bone. 

Fig. 7. Astragalus of Gorilla (No. 5179 «. r. College of Surgeons). 

This shows the great breadth and shortness of the bone, and the surface for 
the tibial malleolus (t m) almost in the same plane with the surface for the 
shaft of the tibia. 

PLATE XIV. 

Fig. 1. Dorsum of the carpus of the left manus of Troglodytes niger, from the specimen 
No. 5083 A. in the Museum of the Royd College of Surgeons. 

In this the scaphoides (sc.) is large, and sends a marked process over the os 
magnum (mg.). 

Fig. 2. The same view of the same part in the Orang(No. 6076 in the same Collection). 

Here the scaphoides (sc.) and the intermedium (i) seem together evidently 
to answer to the scaphoides of the Chimpanzee. 

Fig. 3. Trapezium of Troglodytes niger from the mounted detached manus in the 
Museum of the College of Surgeons. 

In this there is no trace of a concavity for the metacarpal. 

Fig. 4. Trapezium of Nycticebus tardigradus, from a specimen in my own collection. 
(Four times the size of nature.) 

Fig. 5. Palmar surface of right carpus of Perodicticus, from the specimen in the British 
Museum. 

iSc. Scaphoides. 1. Lunare. c. u. Cuneiforme. Pisifonne. u. Process 
of unciforme. tz. Trapezium, x Extra ossicle placed between the unciform 
process and the very large process of the trapezium. 

A bristle is represented passing through the arch formed by the extra 
ossicle and these last-mentioned processes. (Twice the size of nature.) 

Fig. 6 . Distal surfaces of the human carpal bones. 

Fig. 1 The same view of those of Macacus. 

Fig. 8 Distal surfeces of the human tarsal bones. 

Pig. 9. The same view of those of Macacus. 

These five figures exhibit the correspondence between the angles formed 
by the articular surfaces in the manus and pes. 
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Fig. 10. NaYiculare of Loris gracilis, from a specimen in my own collection. 

C 1 & C 2, the prominences for the cuneiform bones. (Four times the size 
of nature.) ^ 

Fig. 11. Entocimeiforme of Gorilla. 

Fig. 12. Entocuneifonne of Cynocephalus. (Twice the size of nature.) 

Fig. 13. Entocuneiforme of Lemur, showing the saddle-shaped distal surface. (Twice 
the size of nature.) 

Fig. 14. Proximal articular surface of the metatarsal of the hallux of Man. 

Fig. 15. The same of the Gorilla. 

Fig. 16. The same of Cjmocephalus. (Twice the size of nature.) 

Fig. 17. The same of Macacus. (Twice the size of nature.) 

Fig. 18. The same of Lemur. (Twice the size of nature.) 

These last five %ures show the change in direction of the concavity of the articular 
surface from vertical, in Man, to horizontal in Lemur, that of the Gorilla being 
oblique. 
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XIV. Ohsmxdiom m the Ovum of Oemom Fi^es. 

By W. H. Baksom, Commumcated hy Ik. Shaepey, Sec. B.S. 

Received June 21, — Read June 21, 1866. 

In November 1854 I had the honour of presenting to the Boyal Society a short paper, 
containing the principal results of observations made on the ova of two species of Gas- 
t^ostem, and I then expressed an intention of furnishing a more detailed record of them 
at a future time. Since that date my experiments have been continued and extended, 
and I now purpose so to recount them, that physiologists interested in this department 
may be able to judge of the value of the results, and to repeat the observations. 

It is intended in the following pages to consider, first, the unimpregnated ovum, riith 
reference to its structure, its physical and chemical properties in the mature state, and 
during its development ; and afterwards the impregnated egg, in reference to the mode 
in which fecundation is effected, the phenomena which follow it, and their modifying 
and essential conditions. 

The Unimpebgnated Ovum. 

The Stichlehack (Gasterosteus leiurus and G. pungitius). 

1. Fife deposited ora,— -The S-spined and 10-spined sticklebacks may be taken 
together, as there are no important differences in the structure of their eggs. These 
observations, however, were for the most part made on the former, which are more easily 
obtained in numbers, and where the latter were employed it will be so stated. 

The freshly deposited ova are held together by a colourless, transparent, viscid, mucoid 
matrix ; they are few in number compared with those of many other fishes, and of large 
size, measuring about on the average. To the naked eye they have a pale amber 
tint, and are semitransparent, spherical in form, but irregular, from mutual pressure 
(Plate XV. fig. 1). Each consists of an outer covering, the well-known dotted membrane 
or chorion, whidi I shall speak of as yelk-sac, understanding that term to mean that 
covering of the yelk which, being formed in the o’rary, is placed next in contact with the 
yelk, but takes no part in cleavage ; and a yelk-ball, divisible into formative and food- 
yelk, the former forming a o>mpiete cortical layer of granular matter, the latter, the 
cM^ mass, containing oil in large drops. 

a. The mmd hiyer is a secretion from the oviduct. It rmsts for some time the action 
of water and prevents its imbiMtion in unimpregnated e^s, m that they remain flaccid 
at l^iat Jmurs immersion. It is frien no longer distinguishable as a viscid 
i»y», but it makes the eggs cohere firmly together, as if it had the property of setting 
In vmt&t. 

MDCOJUtVII. ^ 3 N 
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Thk subs^ice has an alkaline reaction on red litmus-paper, but does not change 
turffflffirw. A very weak solution of potash destroys its viscidity, and permits water to 
enter and distend the egg. A weak solution of acetic acid destroys its viscidity, and 
rendm« it opaque and flocculent. Boiling and nitric add do not coagulate it. 

K The ^elk~mc is a rather thick membrane, measuring It surrounds the yelk- 

ball, and is, on its inner surface, in immediate contact with it, so long as no water has 
been imbibed. It is characterized by a tolerably regular fine dotting, the dots being 
arranged in lines which cross each other, so that lozenge-shaped spaces are left between 
*<hem. At the folded margin corresponding radial lines appear, themselves resolvable 
into dots, as if the membrane consisted of concentrically arranged laminae, each dotted 
so as to correspond with the next layer. The further details of this structure will be 
given in the section devoted to the development of the ovarian ova. 

One part of the surface of these eggs is distinguished from the rest by a scattered 
group of stalked, cup-shaped processes, or buttons, which covers about one-fourth of the 
surface, and marks the germinal pole of the unimpregnated egg. The form of these 
buttons varies a gi*eat deal, and the size is by no means constant, but for the most part 
they a little exceed in length the thickness of the yelk-sac, and the form, when not 
changed mechanically, is shown in Plate XV. fig. 2. Further details of their structure 
are given in the section on development of ovarian ova. 

In the centre of this group of buttons is the micropyle. It may be seen in various 
modes. I first noticed it while crushing an unimpregnated egg in June 1864, but its 
characters are best studied by removing the germinal segment, and examining it sepa- 
rately after washing away the contents. Sections may also be made by imbedding ova in 
strong warm jeUy, and slicing the mass when cold, and in this way, some may be ob- 
tained which cut the micropyle vertically. It consists of a wide-mouthed, funnel-shaped 
pit, directed towards the centre of the egg, near its apex becoming more acute, and 
terminating in a short narrow tube with almost parallel sides (Plate XV. fig. 3). The 
inner end of this tube is apparently open, and however viewed, whether from within or 
without, whether in sections or in whole eggs, looks like a clear, pale-blue, oval or cir- 
cular aperture, and measures (Plate XV. fig. 4). The fine dottings of the yelk-sac 
cease abruptly at the maig^ins of this opening. Powers of XlOO to x200 are well 
suited for the examination of these sections, but higher ones may be used without diffi- 
culty. To examine the relation of the micropyle to the egg as a whole, or to the yelk- 
ball, powers of X 60 to x 100 are more convenient. 

Unimpr^Uated ova yield to moderate pressure without rupture, and when the ger- 
minal pole presents, the micropyle may be seen either full face, or at various inclinations ; 
and if the position be suitable, the terminal opening is still visible as a clear bluish ajK>t, 
although the whole of the yelk-ball is below it. When the germinal pole is in profile 
under suitable pre^ure, the funnel is ^en projecting into that portion of ^e yelk-ball 
which coiTesponds to this pole (Plate XV. fig. 5), and which I have called the discus 
proligerus. In unimpr^ated ova this relation is not qtnte so distinct as in those wMdi 
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lm,ve beea recently impregnated. If eggs are examined in a similar nmnner about f&ur 
or five minutes after bavibg been fertilized, the funnel is seen very clearly, half mfii- 
dmwn from a corresponding pit in the centre of the discus pro%erus (Plate fig. 6). 
The ordinary mode of examinii^ the surfece of these eggs under a lens is not convenient 
for observing the micropyle, on account of the strong reflection from the viscid layer, 
which cannot be got rid of by drying or wiping. 

The yelk-sac resists the action of water for a very long time, in so far as it is not 
decomposed or materially changed in its optical properties by it, and indeed it diJiers 
markedly from the contents of the egg by its greater stability. It is, howey^ 
changed by imbibition of water, from a soft easily lacerable membrane to a firm 
elastic one, each small section of which returns to its normal form very quickly after 
pressure. It is not much altered by spirit of wine ; it is rendered clearer, slightly swollen, 
and its markings are made less distinct by dilute acetic acid and by dilute solutions of 
potash. 

c. The yelk-hall . — A delicate, colourless, translucent, homogeneous membrane, which 
I call provisionally the inner sac, covers the whole surface of the yelk-ball within the 
yelk-sac. It is not so easily shown in the eggs which have not imbibed water, but with 
care may be seen to escape with its contents, by causing a sudden rupture with a large 
opening in the yelk-sac. By examining recently impregnated e^s, which, being elastic, 
allow the contents to escape with a jerk under suitable pressure, it may be better seen, 
as it escapes, thrown into distinct folds, contracting or collapsing as its contents pass out 
into the water around (Plate XV. fig, 7). I have reason to think that it is hardened by 
the action of water on its outer surface, its membranous characters being more distinct 
in eggs which have been some time impregnated. When free in water it shows a double 
contour at the folds or wrinkles only; for where it still contains in its pouches yelk-sub- 
stance, the inner surface line is not well defined. Under pressure it seems capable of 
almost indefinite extension before it ruptures. It thus presents more the characters of 
a firmer layer or crust upon the surface of the thick fluid yelk-ball, than of a separable 
membrane. Perhaps the best view of it is got while it is yet within the yelk-sac, after 
partial escape of the yelk (Plate XV. fig. 8). I formerly spoke of this membrane as 
elastic, but I have now some doubt of this, as its tendency to shrink and collapse after 
rupture may be due merely to the escape of its fluid contents. 

Dilute acetic acid and dilute solution of sal-ammoniac do not dissolve it ; dilute hydro- 
cya-nic acid does. 

TJw fatmatim yelk is that portion of the yelk-ball which is afterwards directly trans- 
formed into the germ. It exists in the unimpregnated egg as a superficial layer com- 
pletely surrounding the food-yelk, mrd is closely connected near the germinal pole with 
the soft, iU-defiued internal surface of the inner sac, which, as it ultimately takes pmt 
in the deav®^, may to that extent be considered a part of the foimative yelk. At the 
g^iminal pole it forms a thicker layer or disk, extending over about one-fourth to one- 
third of riie sur^ce of the yelk-ball, marlred at its centre by a pit which receives the 

32f2 
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« ^ ^ laia^giii# pass^g ixnpert^ptibfy iztto ^^onxier layer ef 

Ike rei^ of the yelk (Plate XV. hg. 5, mid IM^raffl A), 
^alayi^r is foimd in the of both of Q^eroMem wiA Idea- 

taoi i^^rueiand pK)perties; it is best obsa^ed ia tbo® of &. 

* |It be kneed over the whole sarfe(® by examiniii^ the eggs ander gealle pi^moe^ 
^^er roHing over the same egg, or using at the same time a number of difeend 

portions, or by treating an egg 'with a y^ok solution of a<^tie acid, which so hardens the 
co^ml laym* that it cracks under pressure, and is then very distinct, even at the vmikal 
where it is thinnest To idiow the thicker portion of it at the germinal pole, or 
dimstts proligerus, it may be viewed either full face under gentle pressure short of rup- 
ture, when it is seen as an opaque, yellowish halo around the mioropyle ; or in profile, 
when it is seen as in Plate XV. figs. 6, 6 & 8. 

A power of x fiO enable ome familiar with the object to trace this layer very wdl, 
but to make out its constituent parts X 100 is required, and then it is better to examine 
both before and during rupture, under suitably graduated pressure. By such means 
it may be made out to contain a number of droplets, sometimes irregular in form fi^m 
mutual pressure, but usually round, and varying much in size from a diameter equal to 
the thickness of the yelk-sac down to an immeasurable granule, in which case the cha- 
racters of a drop are lost. They have a yellowish colour, are placed near the surface of 
the next to the inner sac, and the larger ones are much more numerous in the ger- 
ming than in the ventral segment. They are imbedded in a mass of fine, yellowish, 
granular matter, which in part at least consists of very minute similar droplets, but 
principally of a substance having somewhat different reactions. 

These elem^its are held together by a homogeneous matrix, which in the discus 
proligerus makes the mass semi-solid, and under some conditions may be seen drawn 
into threads, as if very viscid. 

In amsequaace of the presence of the granular elements of the formative yelk in die 
cortical layer of the unimpregnated eggs, they are more opaque to the naked eye than 
impregnated ones. 

Attached to ike basal surfisme of the discus proligerus, in contact with the dear food- 
yelk, there is a snmll collection of dark oil-granules, distinct from the larger drops 
which float in the food-yelk. 

The yellow droplets are charactmized by their reactions with water, mid htde^ they 
are so unstable that I could find no neutral medium in which to examine them when 
the egg is rupteed. When ^n in situ in unimpregnated, unrupturM eg^, into which 
no water has imWbed, in coasiequenc^ of the defensive acticm of the viscid layer, 
their asp^ is perifedly homogen«>us and highly refractive, dtiiough le^ m than ©ti. 
On rapturing an e^ in water, th^ exhibit vacuolation vary rapidly, and undago a very 
varied series of change during which tiiey become pale and dt^ppear, often 
a^mrances like cdl% with elaff, litoc-tinted, vesicular nada in a ma;^ of a dee^r 
yellow colour, eithar granular or homc^aieous. Similar dtai^ but 
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^ ^ rttptoped wilJi ao otJi^ fliudg than the adhering maternal aeoietions, 

the mm&t m the alkaline viseid layer ; and care bmng taken to note the po^c^ M ^ 
reaping cnrrmits, it ^med as if the acid food-yelks had a similar effect. ' 

The^ changes, k» common in protoplasmic matter, wherever met with, give rial to the 
that they may he dne to the separation of two immiscible ftnids, by the c<A- 
tact of a third, fojm a previous state of feeble combination. The hlac or faint bine tint 
of the vacuoles may be an optical effect of contrast, as I produced a similar appearance 
by diaking together water and yellow fat, but, as the depth of the lilac tint is 
m the ratio of the depth of the yellow, I am not certain on this point. That I am jnip- * 
fied in calling them droplets, is shown by the fact that they sometimes fttse together. 

'Fhe grannlm’ hams, which, besides the yellow droplets in a granular condition, forms 
the formative yelk, is exhibited best by the action of water, which, while it causes the 
latt^ to (hsappear gradually while vacuolating, makes the former at once become darker 
and more distinct, and does not cause its ultimate disappearance. 

The homogeneous matrix of the cortical layer contains also a peculiar form of albumen, 
which water precipitates in fine molecules, and which I shall have to speak of as albu- 
men b. 

The yellow droplets disappear also with vacuolation in a solution of sal-ammoniac, 
although less rapidly than in water. A w^k solution of acetic acid acts on them some- 
what similarly. A weak solution of potash rapidly dissolves them, and thosfe of them 
which are in the granular condition are similarly acted on by these reagents. 

The larger part of the granular substance of the cortical layer, rendered darker by 
the action of water, is not dissolved by sal-ammoniac or by dilute acetic acid. These 
agents cause a precipitate to appear, of dark granules of a coarse kind, and make the 
whole layer solid, by coagulation. A weak solution of potash also leaves a granular 
solid layer after dissolving the yellow droplets. 

That portion of the granular matrix which is dissolved by sal-ammoniac, is finer than 
the suhstant^ precipitated by it, and if Effter this reaction a solution of acetic acid be 
added, a further precipitate of very fine granules is"^ formed, which is due to the prepuce 
of albumen b. The finer granular deposit caused by the contact of water is easily dis- 
solved by the solution of sal-ammoniac, not by acetic acid. 

Thus it is posdble to distinguish in the formative yelk (1) part of the substance of the 
sac, (2) the matter of the yeflow droplets and the granules of the same material, 
(S) tile granules darkened by the action of water and not di^lved by the alkaline chlo- 
rides, (4) the smaller od-dbop&--^l existing as separable snbstences already fonned. 
In m»lntion or otherwise not optic^y se|^rable, (1) the albnmmi b, (2) the matter so 
htigely p^ptated by Hie ml<«tntni[HQjAe. 

Ho teaee a germinal vesicle car cfe, its contaits could be found after the most careful 
«Qd r^)^ted swcbing. 

Whe fiirms the clnef of tihe It Is a thick fluid drop, csovea^ by 

fomativ© ^Ik, cdourfe^ ti^i^rent, ai^ witiiout visible conteied particks, ex- 
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cept T^e siiifece of the drop within the inner sae I had. some reman id 

iitfe to d&m the centre^ as it ran rather more fteeljr, hut all parts 
fiowM a rapture like a very thick syrup. 

The f il is collected into a group of large and small drop and granules, which moves 
f^ly through the fluW food-yelk, hut not through its centre, to get to the upprmost 
a^ment when the egg is rolled ; in so doing the drops often separate to unite again. 
SometiiE^s, especially in impregnated ova, they adhere to the germinal ma^, and then 
capse it always to float uppermost. 

, *^he food-ydik is acid in reaction to blue litmus, to an extent which more than suffices 
to neutrah^ the alkalinity of the viscid layer, but its taste is astringent rather than acid. 
It is coagulated firmly by boiling, by nitric acid, or by spirit of wine. Water causes a 
fine molecular precipitate in it, soluble in alkaline chlorides and acetates. Dilute 
acetic acid precipitates freely very fine dark molecules in rapid vibratory movement, 
after the action of the chlorides, or previously, and then dilute nitric acid causes a still 
further molecular deposit of a darker aspect. 

I tested for cellulose in the different parts of the egg without finding any. 

2. The ovarian ovum . — ^The development of ova in ovario I have only attempted to 
trace in its later stages, i. e. after the first germs of the egg in a distinctly recognizable 
form have been laid. This has been done, mainly, with a view of throwing light upon 
the mode of growth of the parts of the ovum, and upon the ultimate fate of the germinal 
vesicle and its contents. 

a. The ovaries appear completely formed, and containing their characteristic elements 
in very young fty, certainly in those not more than a month old and about long. 
They are, however, better studied in the adult, in which they exist as complex folds of 
va^mlar connective tissue, not separable from the peritoneum, attached on either side 
of the bodies of the vertebrae, and projecting as leaflets, in which lie the ova contained 
in ovisahs which are lined with epithelial cells, but have no demonstrable basement 
membrane. There is no connexion, beyond that of simple contact, between the outer 
surface of the yelk-sac and the ovisac ; certainly no peduncle. As the position of the 
micropyie can be easily and certainly determined in early ovarian ova by the buttons 
which surround it, the absents of such attachment connected with it is not difficult to 
prove, by watching e^s escape fi*om the ovisacs under graduated pressure. 

The ovisacs are supplied with blood-vessels running in one, two, or more directions, so 
that they are not pedunculated. Younger and more advance ^gs are met with 
together in all parts of the ovary without any definite arrangement. 

The ovaries are enclosed in a sac, which is attached to their bases on either sid^^ and 
anteriorly, but continuous with the sexual aperture behind the vmit, wid must be looked 
upon as the oviduct Into its cavity the ova escape when ripe, and remmn there for a short 
time before they m'e deposited ; its walls are muscular, and its inner surface a 

vi^d substance which defends the eggs when deposited ftom the too rapid ^tioE of wato, 
and which serves as a suitable medium for the spermatozooids to move in. 
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h, Mmrly Hpe <m will be coHyeuientlj^ described here before the earlier ovarka am ; 
mA at the ^me time I shall attempt to trace the fate of the germinal vesicle and ite 
contents. As the germinal spots have some resemblance to the yellow dro|dets of the 
fomative ydk, and as both are so very unstable that they undergo visible changes in all 
ordinary media, a large number of observations had to be made with a view of deter- 
minitsg their characteristic reactions. 

Nearly ripe ovarian ova, having a diameter of to have the oil collected but 
imperfectly, and are not quite so yellow and clear-looking as ripe ova. The germinal 
vesicle can be seen in very well, by placing an egg without the previous contact of 
water on the slide, and using some pressure, the micropyle either presenting or in profile : 
the latter is the better mode. The vesicle is then constantly found excentrically placed 
in the egg, imbedded in the centre of the semi-solid discus prohgerus, so that the apex 
of the micropyle comes nearly into contact with the centre of its surface directed to the 
germinal pole. At this period it appears lenticular when viewed in profile, and ^ closely 
connected with the substance of the discus proligerus, that on rupture of the egg by 
pre^ure, the vesicle carries with it, in escaping, a portion of the granular matter in which 
it lies. 

in an egg which measured the germinal vesicle had a diameter of xfe"- Viewed 
with a power of X 50 the germinal spots are just visible, the other contents of the vesicle 
not at all, while it is in situ. To see the spots with higher powers, it is better to puncture 
the yelk-sac before appljing pressure, so that the contents may escape with less violence. 
If an egg be ruptured by pressure in water, the germinal vesicle often escapes detection 
altogether ; but pressure short of rupture, without water, shows the vesicle very well, 
and if it be then increased so as to produce rupture, the vesicle may be easily traced as 
it passes from its natural position to the aperture in the yelk-sac, where, however, it 
often breaks and is lost. In all these modes the contents of the vesicle are apt to be 
displaced, and are so variable in aspect, that no doubt can remain of their being changed 
somewhat, either by the media they are examined in, or by mechanical violence. When 
by pressure and rupture without water the vesicle escaped without being destroyed, it 
was much distorted at the opening in the yelk-sac, but as it lay in the fluid of the egg it 
appeared round. Examined with a power of x 200 the germinal spots were numerous, 
loosely aggregated, rounded irr^uiarly, of considerable refractive power, and without 
any distinct vacuolation in their substance, which had a homogeneous aspect and was 
almost solid looking (Plate XV. 9), They measured on the average x &W '* Besides 
rile gmninal spots, the vericle was nearly filled with a very delicate molecular matrix. 
When to this slide water was added, the vesicle imbibed it, and became distended at 
fir^un^ually, tee molecular matrix was displaced, the molecules seemed to darken 
(alteough this in%ht be mi eifect of tee grater contrast of reftactive index merely), 
and teem delicate vacuoles app^red (Plate XV. figs. 10 & 11). Hjo wall of 

tee v^kde imited tee action of water aawi showed considemble tenacity, admitting of 
ftee manipularion. It was not di^lved by a solution of ^-ammoniac, or by weak 
acetic acid, wMch terivelled it 
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Whm m is by pr^sare ia water, aa4 Ae fe^uaal vesid© is smi as it 

it i^ws Ate «>nt^ts more Aaaged, aad it is tery a|rt; to maiA qai^y ia Ae 
as if i&am i^iue injury received during its expuldou. However, sometimes it may 
be in this mode, if no time be lost, and then Ae geminal are very 

irB^ular. At a rough estimate the number of spots is about 100 at Ais pmod, 'Riey 
are slowly dissolved by a solution of sal-ammoniac, the molecular matrix more qui^y 
so, Dilute acetic acid, added after the action of the sal-ammoniac, causes a copious^ 
very fine dark granular precipitate withm the v^cle. 

, In one mstauce I found ^gs m^Lsaring -jV', Ae average me of ripe free ova, which 
con^med Ae germinal vedcle with contents precisely as above described. In this ca^ 
Ae oil was more concentrated, Ae eggs clearei>looking to the naked eye; and as a 
forAa* proof of their being nearly ripe, the oviduct was furnished with a store of Ae 
vi^id material ready to cover the ova as they burst the ovisacs. Not all the eggs, how- 
ever, of Ae same batch have exactly the same dimensions, and still less have those of 
Afferent inAvidual parents when ripe and free. In one, at least, of these ovarian ova 
I ascertained that Ae germinal vesicle had disappeared. 

In the nearly ripe ovarian ova, from about to m which the germmal vesicle 

is visible, there is a cortical layer of formative yelk, a Aicker layer of it, or Ascus 
proligerus, at the germmal pole, essentially identical m structure and properties with 
Ae same parts m Ae deposited eggs. There are some slight differences however, the 
most distinctive being, Aat larger Aoplets, apparently identical wiA the matter forming 
Ae yellow droplets, but a little paler in colour, occupy a deeper plane in the cortex, 
chiefly of Ae germinal segment. These undeigo similar changes of vacuolation, and 
have identical reactions with the yellow Aoplets. This vacuolation presented at Ae 
^ne tiipe m various parts of the escaped formative yeA both lilac-tinted and colour- 
less vacuoles, Aown, by their inverting an image seen tAough them when beyond focus, 
to have less refractive power than the surrounding medium, and by their gradual growth 
and fotion, to be m reality drops of a limpid fluid. Between these limpid drops Aere 
appeared various kinA of granules and semisoiiAlooking refractive, yellow, cr^oent- 
Aaped masses, partly or wholly surrounAng the vacuoles, thus giving rise to appear- 
an€^ like young cells. Sometimes a number of minute vacuoles formed within a large 
homogeneous-looking yellow Aopiet, and thus a pseudo-granular corpuscle resAted. 
But aH these appearances were fleeting, and Ae variations infinite, depending in seme 
degree on Ae nature of the meAum which had been used. Thus water caused A© 
vacuolation mest rapiAy ; the viscid secretion of the oviduct mid the food-yelk, I have 
before ^d, excite it, alAough slowly ; Ae same may be said c€ the scanty succu% ®r the 
blood or ^rum contained in Ae ti^a^ of Ae ovary, or of weak solutions of glyomae 
or ^-ammomac ; this latter, by causing a jnecipitate in Ae natter of Aeform^w ydic, 
compEcates still furAer Ae feunas which r^At from Aese cAanges. There m at 
Ae under surface of Ae Ascus psAgerus, and forming a pmt of it, Ae Ihtle heap of fine 
Aih oihgranuAs, distinct from Ae st^e of oil wMA floa^ m Ae Aod-ye^. Tte inner 
sac is Astinctly to be made out in Aese ova. 
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la more advanced eggs, L e, those of Ml aze, with concentrate, grouped oil-drops, 
althcn^h stm witiiin their ovisacs, no trace of germinal vesicle could be found on repeate 
and cardM exMnination; so that its disappearance precedes the escape of the,e^s into 
the oviduct. The most careM and prolonged examination of the substance of the discus 
prol%erus, more particularly of that part of it which had so recently contained the 
germinal vesicle, failed to show any trace of the germinal spots, or any other change in the 
structure or reactions of the matter of the discus proligerus, after the germinal vesicle 
had vanished, which could be looked on as due to its disappearance. In face of this 
negative rmdt, however, it may be mentioned that m cases where I watched the germinal 
vesicle escape through a rupture in the yelk-sac into the surrounding fluid, whether 
water was present or not, it often happened that the vesicle was ruptured and its contents 
escaped ; and when this did occur, I frequently could not see the spots among the sur- 
rounding materials if, perchance, they were lost sight of for a few minutes. This was 
doubtless due, in part, to the fact that all the objects in the field were in a state of con- 
stant change ; still, the changes which occur in the germinal spots are such as might 
distinguish them from the only visible elements of the formative yelk which can be com- 
pared with them, viz. the yellow droplets; for these latter vacuolate, fade, and disappear 
in water, while the former vacuolate and become darker in outline and do not disappear, 
at least for a very long time, in water. Perhaps the saline or other constituents of the 
yelk-baU may have a solvent action on the germinal vesicle or spots ; but this point, 
which might be submitted to experiment, I had not an opportunity of determining. 

The ripe or nearly ripe ovarian ova have their ovisacs decidedly thinner at that part 
which covers the germinal s^ment. These eggs, placed in water, speedily imbibe it, and 
become faintly opalescent. Vacuolation soon appears in the matter of the cortical layer, 
beginning at the germinal segment, and in ten minutes the yellow drops disappear, and a 
slight interval appears between the yelk-sac and the outer surface of the yelk-hall — 
a true breathiug-chamber. In one or two cases, where some rupture or injury had 
taken place, a partial concentration of the formative yelk also took place, but this was 
exceptional. 

c. Earlier ovarian mm . — An adult female fish, taken from the natural haunts in the 
month of June, after she has deposited her first batch of eggs, and in which a second is 
ripening, may be used conveniently to examine the developing ovarian ova in all their 
earlier stoges. Three principal groups may then be made out with the naked eye; 
1st, large, nearly ripe, semitransparent, yellowish ova, the oil grouped more or less ; 
2nd, medium-sized creamy tinted opaque ones, with oil scattered ; 3rd, smallest, (X)lour- 
1^ or wMMsh, semitransparent ones without oil-drops. The two latter groups alone 
remain to be described, and I dhaU examine them chiefly with reference to their mode 
of growfti. 

Tbme is ao advantage gained in the study of the earliest distinguishable ova by ti^ng 
youig fry ; for adults in the autumn, winter, or early spring contain the smallest visible 
ova as ^yrily ob^vable as in young fish of in length, and not a month old. 1 may 
MBccxaLXvix. 3 o 
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mentim Imie^ hmdm^Uy, tha^ young fty, from tie skeums in l^oirembar, mm* 
sure almut to rad tieir ova, whici belong to Groups 2 and 3, reach about 
Young &y in June of in length, contain ova not mwi exceedii^ but some % 
are met with in this month about 1" in length, rad in all r^peets ftir adwiced as 
are some of the later hatches met with in early spring, rad whidb do not ^mn to have 
grown St all during the winter. In adult females in November, the laigest eggs are 
about 

3rd Group. — The smallest certainly recognizable ova measured (excluding now 
a single observation in which I met with what appeared to be still earlier ova without 
distinguishable yelk of any kind around the germinal vesicles), Plate XV. fig. 12. They 
are spherical, have a distinct ovisac lined with cells, a central, comparatively large 
germinal vesicle, a yelk of one kind only, which is solid, yellowish, refractive, homc^e- 
neous, semitransparent, rad is not covered by a distinctly separable yelk-sac, but has a 
smooth defined border, probably indicating its first trace (Plate XV. fig. IS). As the 
eggs grow larger, the first change noted is a faintly granular aspect of the yelk, rad, 
with certain methods of examination, an appearance as if a clear substance occupied the 
centre around the germinal vesicle. 

The yelk-sac is separable in eggs measuring about he seen iu the fluids 

on the slide as a homogeneous-looking, collapsed sac. E^s a little larger are less 
translucent, the yelk is more granular, the free yelk-sac is seen to be fximished 
with buttons, and has the dotted structure ; these eggs measured the germinal 

vesicle measuring Later on, the cortical layer is seen to have the yellow dropleta 

2nd Group. — The oil begins to appear in eggs about in diameter, at first as scat- 
tered small granules, and the whole egg is then more opaque, not only from the presence 
of the oil, but partly from its larger size, partly from the more markedly granular struc- 
ture of the cortical layer (Plate XV. fig. 14). These eggs pass into the above described 
first group, with gradual increase of the oil and grouping of the large drops. 

In both of these groups the germinal vesicle is central and globular ; nor could I suc- 
ceed at any time in making out how it became transferred to its excentric position, rad 
received its lenticular form. I saw also no discus proiigerus, although in all the eggs 
of the second group a food-yelk exists and escapes on rupture, apart from the formative 
yelk or cortex, and probably also in some of the later stages of the third group. 

To examiue the relations of the parts of the eggs in both these groups, water is not a 
good medium, as it changes them too rapidly by imbibition ; but its action on the ovisac 
is noteworthy. It distends the contained cells rapidly, rad passes through the yelk-sac 
so as to act on the yelk without fonning a breathing-chamber. A solution of chloride 
of sodium, 1 per cent., is a very good medium to be used, — it exhibits well the cells lining 
the ovisac, and causes very little distension ; but a 1 per cent, solution of glycerme is 
perhaps better for taking measurements in, as it neither distends nor shrivels for some 
time, while it leaves the whole field very clear. A solution of the acetate of potosh of 
the same strength is dm a good medium. All these, after some minutes, pamt <me 
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to ^ M of al)out T^", a clear halo around the germinal vemcle, bounded by a 
defined* but megular granular outline. At present I hedtate to express any decided 
opinion as to whether this indicates a first separation of the yelk into two kinds.* 

A solution of chloride of sodium of 2 per cent, contracts or shrivels the tissue of the 
ovary, and makes the when they are above the very smallest size, opaque, by pre* 
cipitating in them the matter of the cortex. 

Solutions of acetate of potash of 5 per cent, or 2 per emit, cause the egg, with its 
yelk-sac, to shrink within the ovisac, which dilates ; make the larger eggs of the third 
group Clique by precipitating the formative yelk, and leave the smallest homogeneous 
e^s clear, do not permit the clear halo to be seen, and make the yelk-sac paler. 

Solution of glycerine, 2^ per cent, is a very good medium, it leaves the field clear, 
all the objects well defined, but shrivels the egg a little in the ovisac. 

Strong glycerine is quite unsuitable, it changes the appearance and form of the yelk- 
mass, and obscures the germinal vesicle at times completely ; nor can the natural appear- 
ances be restored to specimens preserved in it by adding water. The ovarian stroma is 
also obscured in it. 

The yelk requires to be examined in various media in order to make out its structural 
elements, and its separation into food and formative yelk. 

Water, although in using it great care is required, on account of the rapidity with 
which it changes everything, is very useful. When used abundantly it causes a fine 
granular precipitate in the substance of the yelk, in the very smallest ova met with, due 
probably to the presence of albumen h, but does not cause visible vacuolation in the 
yelk. It also permits, in the larger eggs of group 3, and the smaller of group 2, the 
clear halo around the germinal vesicle to be seen ; at the same time it causes a granular 
deposit in the cortical layer, and then gives rise to vacuolation ; and if the e^s are at 
that stage that yellow droplets have appeared, they grow pale and disappear. 

A 1 per cent solution of acetate of potash slowly causes a precipitate in the cortex 
of e^s above the very smallest ; very slightly also a turbidity of the smallest egg. 

A solution of per cent, of chloride of sodium, which does not alter the blood-disks 
of the mme fish, also causes a dark precipitate in the cortex of eggs which have a 
distinction of yelks. 

A 1 per cent, solution of glycerine is the most neutral agent, as far as regards the 
ydk-snbstance, but after some time the yelk of ail ages becomes slightly granular in it 

In trying to determine at what stage of development the granular elements of the 
cortical layer appeared, it was necessary first to find a fluid medium which did not de- 
termine a pr^ipitate. The maternal fluids may be used, but do not enable one to ob- 
tain a clear field. 

§ and 2f per cent, solutions of acetate of potadi precipitate the larger of the^ eggs 
^ongly, toe smaller less so, toe smallest not at all, and their yelks escape in a solid 
form. The yeHow droplets change ^ry dowly in these solutions. 

Hence it is ^fe to say, that the substmw^ which is first seen around the germinal 

^3o2 
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'fi^Sde ii artier food-yelk nor formative yelk, but differs in structure mad nraictkms 
foom bf^ in a vmy marked manner, although it contains prolmbiy a Mttle dlbumm I*. 
It may be ^led primitive yelk. That water and other fluids eaui® no visible vaouola- 
tiott in its substaace may possibly be due to the foot, that if it were ddiumta it m^it be 
obwjured by the changes which are produced at the mme time in the <^Ub of tim ovisac, 
mid wMdi at times are very confosiug. 

Ihe primitive yelk is very firm, and often escapes on cutting up a ftagment of an 
ovary in 1 per cent, solution of chloride of sodium, or in a solution of glycerine 2 per 
rent, as a solid-looking, somewhat angular body, with its contained germinal vesicle 
(Hate XV. %. 15). In water also it is solid, though much paler, when ei^ped, than in 
the other media. Although it is not like the perfect formative yelk in structure or pro- 
perties, it may possibly be continued in a modified form, and exist in some proportion 
in the ripe ovum, as its reactions are rather negative than positive, and it might there- 
fore easily escape detection. 

To the primitive yelk, as the eggs grow, are added the other elements ; first, of the 
formative yelk, and afterwards of the food-yelk, as the above-mentioned reactions prove. 
Ihe precise time of the appearance of the food-yelk was not made out with certainty ; 
it is probably some time before the oil-drops make their appearance, and possibly the 
clear halo around the germinal vesicle is the first optical expression of it. What its 
precise relation to the germinal vesicle and formative yelk may be at first, I could not 
determine. The solidity of the primitive yelk reminds one forcibly of the early condi- 
tion of the yelk in the ovum of Birds. 

Whether any inner sac exists in ova of the groups 3 and 2, I cannot say. I could 
only find it in group 1, i. e. nearly ripe ova ; and one observation seemed to indicate that 
in group 3, at least, it is not present ; for these eggs, when examined in saliva, show the 
yelk-sac distended, together with the ovisac as one membrane, and then the surfece of 
tile yelk is granular and irregular, not smoothly defined as it would be, were mi inner 
me present. 

At no time did I observe any contractions of the protoplasm of immature om : perhaps 
I did not xm the requisite media; but the solid state in which it exists at first mak^ 
it difficult to conceive how such could occur. 

The germned mskle and its eontents also require that various regents, of different 
d^rees of concentration, shall be employed in their examination. 

The first difficulty is to get to understand the natural a^ct of such variable objects, 
and to appreciate duly the influeaace of the media used. 

By cutting up a large pi^ of an ovary without any fluid, and electing a smaB Aug- 
ment for examination, the smaller ^gs and the germinal vesicles may studied, md tile 
latter seen both m ow, and free in the field ; but the field is turbid, and the reactive 
index of the medium, which is a mixture of escaped yelk and sctuie, is too mudi like 

• Sc® page 451 for a darat^fion of tids variety albumen, wldeh is janbably a eonetaat ecmatitaent 
yeJk df vertebrata. 
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dT tlie olgects to be examiaed, for good definition. Hie germinal vedcle 
appeal to be filled with a hcmtc^neons and colonrle^ colloid materiaL It is tme, 
boweTer, that a finely molecnlar stmctnre in it might in this way ^cape notice. The 
^nninal ^ots are imbedded in this colloid matrix, on its surface only, so as to be 
in contact with the inner surface of the wail of the vesicle ; unless, as of^n happens 
from mechanical causes and from imbibition, they have been displaced. They have a 
round form, homogeneous aspect, and a refractive power but little greater than that of 
the yelk-fluid«(Plate XV, fig. 16). 

A more ccmvenient mode of seeing the natural condition of the germinal spots, is to 
use a very minute quantity of water in cutting up the fragment, and to examine rapidly 
before time is allowed for changes to take place. Then, the spots are seen round and 
homogeneous-looking, when within their vesicles in larger ova, water not having reached 
them by imbibition. But in the vesicles of the smallest eggs, or in those which lie 
free in the field, the spots when first seen are mriousiy tailed and vacuolate, parietally 
placed in the vesicle, lenticular when seen edgeways, their outlines much darker, and 
harder, perhaps, in part, an effect of contrast. The colloid matrix is usually seen deli- 
cately shaded by a fine molecular deposit, but the conditions of the formation of this 
molecular deposit I could not feel quite sure of, except that water favours it. 

More abundant and prolonged action of water is apt to displace the germinal spots, by 
distending the vesicle, but this it does irregularly, so as to make it appear in some measure a 
result of mechanical injury (Plate XV. fig. 17). The colloid matrix, after a time, becomes 
more granular, and this change may even obscure the germinal spots, when a weak solu- 
tion of chloride of sodium dissolves the fine granules, without impairing the consistence 
of the colloid matrix. This was well seen in one instance, at a rupture in the wall of a 
large escaped vesicle, in which also the extreme toughness and strength of the vesicular 
wall was manifest The action of water, however, on the spots and on the colloid matrix 
is not the same on free uninjured vesicles, as it is on those still within the egg, especially 
the larger ones *, in which I found that the results were in great measure due to the 
influence exerted by the saline or other constituents of the yelk, which were carried into 
the vesicle by osmose. Thus, in larger ^gs of group 3 and smaller ones of group 2, 
when long* acted on by water, the germinal spots of contained vesicles are seen to get 
pale and disappear; at the same time the ovisac and yelk-sac show evidences of 
abundant endosmose, and there is also some granular deposit in the cortical layer of the 
yelk, but not such as win account for the obscuration of the spots, as the position of the 
germinal vesicle is well seen, marked by a clear area (Plate XV. figs. 13 & 14). Still 
later m, the contents of the germinal vesicle are seen as distinct granules in rapid tremor. 

facte ti^ongly suggest the notion that the germinal ^te are soluble in ^me of 
the coastituente of the yelk, and we may thus explain their disappearance in ripe ova. 

It should be here mentioned that free germinal vericles, being uninjui^ rtoain in 
water for hours, without much visible distention or di^lacement of their or dis- 

api^Q^ce of the gensinal spote ; fmd the same may be said of tiio^ contained in vmy 
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sms^l mA if fi^igmeat has been prepared in an abnndanee nf water at irst, 
the free Teaelei may show no molecular depoat in the coEoid m^ax aftar hmm 
(FlafceXT. %. 18). 

germinal spoi^ after this prolonged action of water on the &ee T^id^ are not 
sdnble inm 10 per cent, solution of acetate of ^tash, but the in the unbroken 
om are ; thus water must chemically change the subi^snce of the spote or their 
surface, as before its action 2J per cent, of tbe same salt dissolved them. 

A 1 per cent, solution of glycerine is an excellent medium for showing the germinal 
spote ; they imnain for ten minutes in it without showing changes of form or vacuola- 
titm even in the free veticles. It does not precipitate the colloid matrix. 

A 1|^ per cent, solution of chloride of sodium, which does not change blood-corpuscles, 
add^ to a fragment of ovary, prepared in the maternal fluids, made tbe colloid matnx 
which was not previously granular look brighter, and changed the germinal spote from 
TOund homogeneous-looking bodies to variously tailed and vacuolated forms (Plate XV. 
fig. 19). On then gradually increasing the strength of the solution to 5 per cent., it was 
observed in a ruptoed free vesicle that the germinal spots, as they lay adhering to the 
coEoid matrix near, and partly within the rupture, graduaUy became paler, coalesced, and 
fused into a large pale drop, with vacuolation in and around it. The stages of this 
change are seen in Plate XVI. fig. 20. Precisely simEar changes were seen to occur in 
the spots of germinal vesicles while yet contained in the eggs. It seems probable, then, 
that we must look on the germinal spots as drops of a thick fluid, or at least not as solid 
bodies. 

A solution of only 2 J per cent, of chloride of sodium which crenates the blood-disks, 
similarly caused fusion of the germinal spote. In a solution of 1 per cent, only, the spots 
vacuolate and become tailed very slowly, and after an hour I found them again round — 
suggesting fee possibEity that they may have a power of changing their form analogous 
to that pc^sess^ by tbe protoplasm of white blood-corpuscles. This solution can^ 
the red blocd-disks erf the same fish to become paler ; it does not ultimately dissolve 
the spots, but like water changes them, so that they are no longer soluble in even a 10 
per cent, solution of chloride of sodium. 

The solutions of acetate of potash act very much like those of chloride of sodium. 

A weak acetic add soluti(Mi does not dissolve the waE of the germinal vaticle or 
frnther distend it. It predpitates the colloid matrix, leaving the spote dark-bordered 
and distinct 

Tke ^d¥mc also merits a minute iavestigation. 

The precise ^riod at which it is formed is difficult or impo^ble to determine. In 
the smaEest seen, those of it is not separable, but is protebly indicated by 
the smoofe hard mitline which the y^ diows on its surfece, when a 2^ per cent, seluticm 
of glycerine or of chlcnide of sodium is used, which conta^cte fee yelk-baE wife fee 
yelk-^, mA leaves a space between it and the ovisac. A little later it is indio^ 
by foMs on the sur&ce of fee yelk, fee r^ult of fee feriveEii^ which fee solution 
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mui^; and m about m diameter it may be sepmted, but I foiled to Aow 
any structure in it, probably foom not succeeding in mounting it for ^mmination 
with the highest fwwers. It is known by its chamcteristic foldings and Refractive 
index* 

The best way to get out the yelk-sae is to cut up a fragment of the ovary with very fine 
sd^ors in ah directions, after having macerated it well in water ; then by ranoving the 
laager pieces several yelk-sacs are seen free from their ovisacs* 

The yelk-sacs of ^gs of about have certainly a fine dott^ structure, and are 
furnished with buttons and a micropyle. The buttons can be seen on rfih smaller e^s, 
in which I found no dotted structure. As the eggs grow the yelk-sac gets thicker, and 
its markings more distinct : at first it is flaccid at all times ; hut in eggs of the 2nd 
group, and larger, the segments, after imbibition of water, during which they seem to 
increase in thickness, become elastic, so that each segment springs into its shape again 
like a segment of an india-rubber bah. When the fine dottings can be observed, they 
have the same characters in ah the stages of growth. 

The dots have a similar aspect on both inner and ontm* surfaces of the sac, are 
arranged in tolerably regular diagonal, curved lines, alternating, so that they enclose 
lozenge-shaped spaces. With powers up to X 500 they appear round, and even with 
the h%hest used, X 2600 and X 3000, they are but obscurely hexagonal They are 
seen blackest when a plane rather deeper than the true surface is in focus, and then 
appear round. With very careful adjustments, and the true surface in focus, they have 
a polygonal or hexagonal, not very sharp outline, and seem like pits; the elevated 
ridges between which look like a very fine, rather irregular reticulation. At a folded 
edge they produce an appearance of radial striation, the strise resolvable into dots, due 
to the laminated structure of the sac. This is best seen at a cut edge, especially after 
longer maceration. The cut edge reminds one of the edge of cut lace or perforated 
zinc, but whether this is due to an actual falling out of the matter which mu^d the 
appearance of dots, or is an illusion, I cannot say. The dots act, in focuring, like a 
substance of low refractive power, and I incline to the view that the apjwarance 
described is illusory. In the smaUest-sized eggs of which I measured the dote, they 
were ^ i hs o” apart; th^e eggs were about ^ diameter. In nearly ripe ova, on the 
point of quittii^ the ovisacs, they were x rtfdo '' apart, measured from centre to centre, 
each dot being about in diameter; these results were the mean of several 

measurements with a power of x 1000. The dots are the same distance from each other 
on the inside as on the outside of the sac, and the radial lines are the same distance 
apart. All the measnremente were made in the ^gs of the 3-^iin^ specie 

The outer surface of the sac suffers sometimes, after long maceration in water, a |^cu- 
Bar change in its consisteni^, that cm its rupture by very strca^ picture, the SMfiace- 
layer yields Mke a soft, almost viscM substance, seen as a colourless, stmcturelw film, 
steetched aaross the rent, with a pow^ of x 250 (Plate X VI. fig. 21). Bit with a |»wer 
of X 3000 it has an exquisitely d€B<^te structure, like ne^ very regular md j^rfect, and 
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«w<teat!f with the dotted staructore. It foams tMa layers, of whidi ^YenJi 

laay be csimtei. The dottii%s .are dark with light interspaees, or light with dark iat^- 
ac^rding to the focus (Plate XV. figs. 22 Sc 2S). 

Bmdes the^ minute regular dots, in larger eggs of group 2 there is a darker kind 
of dot, which I will call the stellar dot. It is irregularly scattered over the inner surface 
only, and (mi only then be seen from the outside, when alowm: objective than is used, 
which penetrates suffidmitly. They are larger and much blacker than the regular small 
dots, of a stellar form, are wider apart (on an average Yom 'h much in this 

respect. Examined and measured with a power of X 930, each has a diameter of about 
8 A e”- They are in sharpest focus and blackest when a plane rather deeper than the 
true inner surface is in focus, and with that surface in focus they look like stellar-shaped 
pits. On focusing they act like bodies of low refractive power. At the cut edge they 
may be seen to pass radially about two-thirds into the substance of the yelk-sac, gra- 
dually coming to a point and ceasing. They do not look like spaces at the cut edge, as 
do the fine regular dots. 

The buttons may be well examined in unripe ova, especially those nearly ripe. They 
are attached to the outer surface of the yelk-sac by a bright, highly refractive point, 
from which radiate along their under surfaces to the periphery, little folds of the sub- 
stance, which is clear, homogeneous, soft, and easily distorted, by contact, in consequence 
of its adhesiveness. 

I counted the number of buttons on five small eggs of group 3, and on the average 
found 80 to each. The average number on each yelk-sac of nearly ripe ova, or group 1, 
is 207, a result of five countings. In ripe deposited ova I could not prepare the yelk- 
m,c so as to count them, on account of the readiness with which they became detached, 
by adhering to external objects ; but there is no reason to think the number increases 
after the stage of group 1. I think it probable that they are organs of adhesion, and 
serve to fix the egg. 

d. The method of staining tissms., so strongly recommended by Dr. Beale, was tried 
with reference to its importance as a test of germinal matter, a term which 1 assume to 
be s^onymous, or nearly so, with protoplasm. 

If a fragment of ovary be digested in the carmine solution* for half an hour, and then 
waAed with the acetic acid glycerine, it will be found to be irregularly and unequally 
dyed, this irregularity affecting the ovarian stroma, the yelk-sac, and the yelk. The 
tissue of the ovary is softened to an almost viscid consistence ; whether an eff^t of the 
ammonia or of the acetic acid I did not stop to ascertain. 

After twenty-four hours’ digestion in the carmine solution the stroma is deeply dyed, 
but less so tibmi the yelk of the youi^est ova. Those j^rte of the ovarian tissue which 
are thickest, such as vessels, have the deepest tinge ; the films of connective ti^ue diow 
no colour, perhaps on account of their extreme tenuity and translucency. 

In the fragment which had been digested for half an hour, the minutest ^gs showed 
* Mus was p^ajped aceoiding te Dr. Bx4i;.i^s fiamnia. 
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tiie tinge in tibeir yelk*ina^, espedaily tho^ most exposed to the fluid. Tho)^ 

Iwger which had a food*yelk showed less colour ; what stain had taken place was 

Imited to the foimative yelk, hut many of these yelks were not dyed at all ; the' food- 
yelk flowed out from a rupture as a colourless fluid, or changed chemically into a mass 
of clear, starch-like corpuscle The whole primitive yelk, when dyed, was deformed, 
rendered o|mque, vacuolating, and granular, a physical condition favourable for reflecting 
its colour, but unfavourable for exhibiting its true structure or characters. The ger- 
minal vesicle and spots were obscured or quite undistinguishable. 

To test the action of this dye-fluid on the germinal vesicle and contents, I prepared a 
piece of ovary in a 1 per cent, solution of chloride of sodium, as a neutral solution ; then 
bringing into view a free germinal vesicle, I gradually added the carmine solution ; 
slowly the vesicle swelled out, the spots became pale and vanished, the vesicular wall 
seeming to shrivel up. 

That this was due to the ammonia was shown afterwards by repeating the experiment, 
using a dilute solution of ammonia (about 1 J per cent, of Liquor Ammoni®) ; the ger- 
minal spots vanished as in the dye-solution, and the vesicular wall also, but an hour 
later. 

Thus it may be said, I think, that whatever value we may attach to this process of 
dyeing tissues, we must not neglect the consideration of the changes which may be pro- 
duced in these sensitive states of matter by the menstrua employed. If the strong, 
tough, and very distinctly solid wall of the vesicle may vanish, if the highly refi:active, 
striking-looking spots may be rapidly dissolved by Beale’s carmine solution, who can 
tell what changes it may produce in the almost equally unstable and sensitive substances 
which constitute the growing parts of tissues, and probably even the ftmctionally active 
parts t It certainly seems necessary to supplement this method by others capable of 
determining the appearances presented in perfectly indifferent media. 

The yelk -sac took the dye freely ; considering its thinness and translucency perhaps 
as much so as the formative yelk ; the dye was deepest in the thickest sacs. When an 
egg was crushed by strong pressure, so as to reduce the layer of yelk-substance to the 
same thickness as the yelk-sac, the colour was seen to be quite as deep in the buttons 
on this latter as in the formative yelk, but of a somewhat more yellowish red. 

The dyeing is independent of any acid reaction of the substance dyed, as macerated 
ye^-^s, which had become alkaline from decomposition, took the dye freely. This 
independence of the acid reaction is also ftirther seen by the fact that the acid food-yelk 
does not take the colour at all. 

TRie fine structure of the yelk-sac is rendered less distinct by this method, partly ia 
consequence of the action of the glycerine, partly from the action of the acetic acid. 
Ammonia does not impair the distinctness of this structure, although it makes the sim 
vary d^tr. 

It perhaps not be entirely out of jdace to introduce here the following 
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Bipe ova pat iato mW tinged with common alkaline m^enta dye, af^r ninety-iix 
hours show a ro^ «>lonr in the yelk-sac, and a deeper tinge in Ae granular ccmtents of 
the yelk, in those only, which had a ruptured and collap^ inner sac^ with alkaline 
contents. But m those with clear acid food-yelk and unruptuned inner sac, there was 
no dye mm heyond the yelk-sac ; while in those with partly diffu^ formative ydik, and 
partly emp^ed inner sac, the dye extended only to the diffuse granular matter. Ihus 
the inner me resists the passage of the solution, and the deeper |Mtrts of the egg me not 
stainM until mat^ally altered. 

Fertile ova, ninety-six hours after impregnation, placed for twenty-four hours in a 
similar solution, continued to develope as in water ; the yelk-sac alone took the dye, the 
embryonic tissues resisted it completely. 

Unimpregnated eggs, put fresh from the parent fish into the same solution, soon 
become stained in the yelk-sac, and if then they be broken, the contents escape free 
from colour. 

A weak ammoniacal solution of carmine acts just like that of magenta, and when tried 
on ovarian ova, I could not succeed in staining the yelk-matter of either kind by cutting 
them in halves, and leaving them in it, although the yelk-sac was easily dyed in the 
same time. The yelk-sac must, I suppose, be looked upon as “ formed material,” yet it 
takes the carmine dye even more quickly and almost, if not quite as deeply, as does the 
formative yelk. The food-yelk, with its portion of inner sac, must, I imagine, be looked 
upon as “ germinal matter ; ” at least it is a protoplasm mid contractile, yet it cannot he 
made to take the dye. 

The substance of the primitive yelk after a time takes the dye strongly, and then, 
compared ivith the more delicate translucent tissue in which it lies, is a very prominent 
object ; but it is important not to forget the effect of thickness and physical condition 
in influenmng the apparent colour of objects. 

The substance of the formative yelk appears only then to take the stain when it is no 
longer defended by that of the inner sac; so that it is changed in form and structure 
before it can be dyed. 

I am therefore not disposed to consider staining a satisfactory test of germinal matter, 
for some “form^ material” takes the colour quicker and some germing matter” is 
destroyed, while other is much changed by the dye fluid ; and some cannot be stained if 
the food-yelk and its cortex be considered one of its varieties. So &r as my own observa- 
tions permit me to form an opinion on the constant characters of protoplasm, I should 
at pre^t mj that the tendency to vacuolate is the most trustworthy test ; in o&er 
words, protoplasm is in such unstable equilibrium that its proximate elemmte 
separate by contact with most aqueous solutions. 

e. Memarks m mode of growth of iheyelhsac and m the gemmned nmeU.^Tke 
former I am, aotwith^mding its i%My complex sferucture, di^osi^ to consider m a 
ceE-membraae. Whatever may be said as to the mode of its wriest fomp-tion, it caimc^ 
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be to grow by appositiwi of layers added ftoni the inade or outside, although 

its laiakated stoieture might at first be supposed to afford some support to this Tiew ; 
Jbr the incae^ m aumber, as the growth proceeds, of the buttons placed on the outer 
snrfece, and their early appearance, make it impossible to understand growth by either of 
these modes. It is, I think, certain that it grows interstitially, and the" suggestion arises 
that the larger steEar dots may in some way be connects with this increase. 

Ihe fact that young ovarian ova, of in diameter, when the dots are first measured 
^ow them to average d)out 24,000 to an inch linear, and ripe ^gs five or six times 
their diameter have 11,000 dots to an inch, thus but little more than doubling their size 
or distance apart, proves that during growth the number of these structural elements 
of the yeik-sac must increase, as well as their size. This may be taken as an additional 
proof of interstitial growth. 

There is no evidence of the conversion of the substance of the outer layer of the pro- 
toplasm, i. e. the cortex of the yelk, into yelk-sac, in the sense in which that gradual 
conversion is believed by Dr. Beale to take place in cartilage ; at least after arrival 
at that stage, and it is a very early one, at which the yelk-sac is separable ; as then it 
always shows its inner and outer surfaces equally sharp, hard, and distinct. 

There are no facts known to me to point out whether the pabulum for the growth of 
this membrane is derived directly from the currents passing inwards, or from the mate- 
rial elaborated in the egg and passing out of it, or from both sources indifferently. 

The extreme delicacy of the film which covers the yelk at first, makes it impossible to 
say positively whether it appertains rather to the layer of (^Us lining the ovisac, or 
whether it is more closely adherent to the yelk ; but 1 incline to the latter view. 

The germinal vesicle^ which, both from the frets here recorded, and from the analogy 
of the eggs of invertebrata, appears to be formed before the primitive yelk, may be 
supposed, from its disappearing when the egg is ripe, before fecundation, or the action 
of external agents, to preside over the origin and growth of the egg. However, the 
position in which it is last seen with respect to the micropyle, as strongly indicates that 
its remnants have some important relation to the act of fecundation. 

Balbiauti* has recently, in a paper which received a prize from the French Academy, 
stated that the germ (with him the equivalent of the formative yelk) may be traced to a 
preexisting nucleated cell spontaneously arisii^ on the surface of the food-yelk, which 
cell by endogenous development of cells at the expense of the “primordial protoplasm ” 
(food-yelk) forms the fixture germ on its surfree. He expre^y extends this view to 
<»i^ous fishes, although he repeats the error made by Coste, that the germ (formative 
yelk) only app^rs after lecundation. 

This description of the mode of origin and growth of the parts of the ovum, I feel 
justified in stating is not in accordance with observed facts. 

* la Ckwafitatioii da Qeme dams loiiimal avamt la fecondafion/^ Comptes Bendus, 1S@4, t. ItbI. 
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The TrmA (Salma too). 

Ik em from the fish 1 foimd the mieropyle, December 18§4, by CETe^ 

Mly tttraing #ie over before water was applied ; then by drying the sorfece som^^ 
what, it was rimMe with the naked eye, bat more easily with a lens (Hate XVL %. M). 
At first it con^ponds to the centre of the discus proligeras or germinal pole, but after 
the egg has b^n in water a few minutes, even when not fertiHzed, water enters, and 
the forato^ yelk which is at first as in Gasterosteus, a complete corti<»l layer, con- 
centrates, iffid is collected into a nipple-shaped heap at the germinal pole ; and from 
having a^u&ed to it some oil, it always floats uppermost, the yelk-ball being fr^ to 
move in Ae now distended yelk-sac; so that the correspondence between the micropyle 
and ^ centre of the discus proligeras ceases. The terminal opening measures 
acTi^s, and the funnel or pit at its mouth 

The formative yelk, the discus proligeras with a deep central pit to receive the miaro- 
pyle, the clear food-yelk, and the group of oil-drops, are all essentially the same as in 
Gmterosteus. 

These eggs, pressed from the parent into water, stick to the dish for a time, but if 
first left exposed to the air for a little while, do not. This was not explained. They 
formed a breathing-chamber by imbibition, but no active protoplasmic contractions 
were seen. 

The Salmon (Salmo salar). 

These ova were examined in January 1855. They have a micropyle precisely similar 
to that met with in the egg of the trout, and the general structure of the egg is the 
^me. The yelk-sac is very well suited for examining the dotted structure, especially 
after prolonged immersion in water, in which it retains its structure for four months at 
l^t;' the details* of its structure are essentially the same as in Gasterostem. 

These eggs, like those of the trout, imbibe water when not impr^nated. If uninjured, 
they remain in water without apparent change, at least forty-three days. If injured, 
the inner sac often rupture, and then the yelk coagulates, by the action of the water. 
If kept for the same time in damp moss, they decompose, become foetid and alkaline, 
and then, if crushed in water, do not coagulate, the salt of ammonia produced keeping 
the albumen ^ in a stete of solution. The inner sac thus seems, when intact, to resist 
the parage of osmotic currents through it. 

I tried to test this in the following manner : — 

Hght clear ova which had been kept without change in water for days were 

well shaken in an empty bottle for a minute or two ; then distilled water was added, 
and all became o^que at once, showing no longer a breathingdbMber, the inner sac 
being ruptur^ The water was found to be acid, and contained an organic substtooe, 
which, when indberated, left an alkaline ash containmg chlorides and phosphates. 

The chemwai fmcti<ms of the yelk. — Ik the three species of Mmonidm which I have 
eimmined, the yelk reacte timilarly, bat it differs somewhat from that of mo^ other 
fishes, in having a larger propctoon of a peculiar variety of albums predpitaMe 
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hf Tiwte. IRiis sttbstance, wMch I have spoken of as albumen h provisionally, I bave 
worthy of a somewhat more detailed esamiimtion, because it appears to be 
pmmit in mme proportion in the yelk of all the osseous fi^es which I have l^e€*n able 
to ^E)£5ure, imd it, or a closely allied substance, is a constituent of the yelk of fi:<^s and 
Mrds. 

Its ready precipitation by water suggests the notion that the inner me may possibly* 
be formed by a gradual hardening of the surface of the yelk, through a chemical action 
of the surrounding medium, which in the ovarian ova would be an exudation from the 
blood. Certainly the inner sac was noticed to become firmer and more distinct in eggs 
which had been long exposed to the action of water. Whether this property of albu- 
men b has any part in the formation of cell-walls is an interesting speculation, but one 
to which these observations give no direct support. Be that as it may, a substance 
easily precipitable by water is, I believe, very vsddely met with in animal protoplasms, 
and the firmer limiting surfaces, which in the protoplasmic balls of rapidly growing 
structures are the only represeiitatives of true cell-walls, may owe their formation to its 
precipitation. 

a. Muid albumen h . — ^The food-yelk of the salmon is a thick fluid albumen, entirely pre- 
cipitable by water in excess, if free ova be used ; if ripe ova in mario be used, a small pro- 
portion of ordinary albumen remains dissolved in the supernatant water, and may be coagu- 
lated by boiling, and nitric acid ; but this is derived from the vascular tissue of the ovary. 

The characters of this albumen, when in solution, may be studied in the entire egg, or 
in crushed eggs treated with water, in too small a proportion to precipitate all the albumen. 

It then is coagulated by boiling, nitric acid, hydrochloric acid, alcohol, and ether. 
Dilute acetic acid coagulates it, and stronger acetic acid redissolves the coagulom, after 
which water will not precipitate it, nor will carbonate of potash added to alkalinity. In 
the alkaline solution mineral acids do not cause a precipitate unless heat is applied, nor 
does boiling without a mineral acid coagulate it. The acetic acid solution is, however, 
precipitated by yellow prussiate of potash. 

b. The solid albumen b . — In the solid state this albumen, obtained by precipitating it 
with water, is white, finely pulverulent, composed of immeasurably fine molecules ; while 
moist, it gives an acid reaction, after the most prolonged washings, short of decomposi- 
tion; part of it always passes through the filter on account of its fineness and the 
ahrace of dense flocculi. 

A strong solution of chlorHe of ammomwn dissolves it, and the solution is not repre- 
m^tated by alcohol unless boii^ and only imperfectly coagulated by boiling alone. It is 
precipitate, on the addition of strong acetic acid, and also by water in exce^, when the 
j^eipllste is soluble in phosphmic, nitric, hydrochloric, sulphuric, tartaric, and acetic 
acMs, ali» in potadb and ammonia. The nitric acid solution is not coagulated by boiling, 
aM ike potarii «>lution only then coagulated on boiling when nitric acid is atod hot. 

A ^ong solutioa of acetate of fotetsJi acts much as does the above recent. The solu- 
rion boikd without much co^ukrion, unless acetic acid be adde,when flocculi 

form. 
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wate; ft «ii^ «^im di^lf^ by ace^ add, pb(»^tmc mi, bydfoeMc^ iwai, 
iiitafk wM, ^ add solutions aot being cos^olated by baiMi^ nnlew aitm md Im 
^ed while bet/ not being precipitated by water in exce^. Ite ^nbili^ of the 
second predpitate by water, in nitric acid, is the more remarkable, as the &«t mdntioii 
%£ the albrnmaa i in chloride of potasrium is precipitated by nitric add. 

dftsolves it, ftie solution is not precipitated by water in exc?^ and cmiy veiy 
imi^rfedly coagulated by prolonged boiling, after which acetic add a wipmus 

prmpitate. 

W«ik solutions oipGtash and its carbonate do not dissolve it ; they partially (XMgulate 
a clem: e^. 

The common phosphate of soda dissolves it, and if precipitated again by excess of 
water, and r^iissolved by phosphoric add, the acid solution may be boiled without 
coagulating, unless ammonia be added while hot, or may be diluted freely with water, 
without clouding. If acetic acid be used instead of phosphoric, the solution may be 
boiled without coagulation, unless potash be added. 

The phosphate of ammonia acts like the above ; the predpitate from it by water may 
be di^olved in phosphoric acid, and the solution, which is feintly clouded by prussiate of 
potash, and more so by nitric acid, is not at aU so by chloride of mercury or by boiling, 
unless ammonia in excess be added hot. 

Weak acetic add does not dissolve it ; stronger does, and the solution is not predpi- 
tated by water used freely ; the acid solution clouds a little on boiling. 

Weak phosphoric add dissolves it ; the solution is not reprecipitated by water or by 
boiling. 

A ccmcentoted, add-reacting, aqueous, solution of the salts and watery extractive of 
the ^g di^lves it, the solution being precipitable by water in excess. 

While a strong solution of sugar^ in which the eggs float, causes the albums b to 
precipitate if an be broken in it, a weaker solution of glycerim does not. 

These somewhat complicated reactions do not precisely accord with any modification 
of albumen with whidb I am famiUar. Perhaps it has the closest affinity with MTOsm, 
recently discovered by KtHHE * in the juke of muscle. Besides its preciptation by water 
and ^y solubility in most alkaline salte, the most characteristic reactions are, that under 
certain conditions its add solutions do not coagulate on boiling, even whm tibe md is 
the nitric, and that its solution in some neutral salts is not jumptaMe by ali^hoi. 
The ichthuline of VAtMcauiTKES and FEEMrf may be the i»me aibstem^, hut I oimnot 
feel sure. 

The natuml ^te of the yelk prolmbly hold this albumen m «>lution, at lei^ ft has 
been diown that th^ can do so ; whether the acid of the yelk contidbutes thereto I 
could not make out. 

• Patemiclitmfea ^ die Cbatractilitat, 1^4. 

i* " Beeterel^ ear ft OMiptdtba des ceofr tots ft serie des kshmmx^ J^unmd db et de 

t. 33V. aad t. xxvi. 
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€, — I sought in tmu to isolate the md of the yelk. In predpi- 

b hy wata*, tee supernatant fiuM bea>mes add, and the predpitate 
ii^lf iff ^td it commence to decompose. » 

!nie add, wlmtei^r it may be, is insoluble in alcohol, soluble in water, and forms a 
acm-ciystallizable soluble salt with baryta, which remains in solution in the alkaline 
reacting fluid, after tee phosphates and sulphates have fallen, and is not precipitated* 
from it hy carbonic add, but is by ammonia ; when dried and burned, it chars, and leaves 
an alkaline ash* It is, I believe, a compound into which phosphoric add and an orgmiic 
substance enter as constituents. 

A substance much resembling leucin was found among tee alcoholic extractives of 
tee yelk. 

The Grayling (Thymallus vulgaris). 

The ripe ova resemble those of trout and salmon in all essential particulars. 

The Pike (Esox lucius). 

The ripe ova have a general structure, essentially the same as that of Gasterosteus ; 
the inner sac is particularly easy to demonstrate, and may be separated, teazed with a 
needle, and mounted. The yelk-sac is covered externally by a thin layer quite struc- 
tureless under a power of X 400, the equivalent of the eikapsel” in Perch. It is 
visible only in moderated light, at least with the lower powers, and then requires, in 
order to distinguish it from a diffiaction effect, that note be taken of the flow of fluids, 
and the position of solid particles on its surface. 

It is this layer which causes freshly expressed eggs to adhere to each other and to the 
dish when in water. They do not thus adhere in air. Yelk-sacs long digested in a 
weak ammoniacal solution of carmine become rather friable, but the homogeneous outer 
layer retains its plasticity, and on rupture by pressure may be seen stretched across the 
gaping Assures of the yelk-sac, tinged faintly with the dye, but quite structureless under 
a power of x 400, and careful dlumination. 

‘Die micropyle may be sought for in the same way as in trout eggs. The apertee 
at tee apex is easily seen under a power of x 200 in full fece. When the pit is viewed 
in f face with oblique l^ht, it seems to have a trumpet-shaped tube, standing erect from 
the bottom of it (Plate XVL fig. 25). This appearance is due to the fact teat in a 
ffteoug illuminatioa the dear, colourless, outer layer is quite invisible, and the trumpet- 
dia|^ tube appearing to stand erect and ’unsupported, is the thick wall of the cmiai, 
which penetrates tee outer layer, where it dips into tee pit of the micropyle. 

T %0 (Acerina vulgaris). 

Ilk© ^nrasd steucture of tee ripe egg is the same as in Gaskrostem, llie oil, 
how^r, foms but one lai^ drop, the inner sac seems thicker, and the yelk-^e h^ an 
mitor layer m ‘‘dObtpel.” exprei^d from the |mrent may be m^^ulat^ wite 

caro if BO wsto be added, as althm^ soft they do not adhere itoi^y ; but if 
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water Ite |«re^t they imhibe it rapidly, and then b^me so adhesiTe^ erery 
attem]^ Ito roE th^i mA examine the surfecje tears «0f the onter lay^^jf 
or ** dkap^I” Before water is added they have a convoluted snrfa^, sndrffts a htx 
membrane presents, which is marked by irregnlar impm^ons of the <^s which line 
the ovisac. When water is added it rapidly distends and efeces ccmvolntioas, bat I 
conid not see any regular hexagonal fecets such as have been describe, A beautilully 
n^alar fine dotting, however, is seen arranged so 9 s to enclose lozen^rfiap^ 

Any attempt to move the egg while in its adhesive stage, exhibits the wonderftil 
extensibEity of the onter layer, the shreds of which are drawn out so ^ to appear 
homo^neous. This adhesiveness is lost, however, after twenty-four houm’ immersion 
in water. The fine dottii^ may be best examined by placing eggs which have been 
thus macerated, in a solution of chloride of sodium, and after cutting them in halves, 
washing the yelk-sac and its capsule in a 1 per cent, solution of chromate of potash, 
so as to preserve it free from adhesiveness, and to remove the coagulated albumen b. In 
this way the outer layer appears to be continuous with, and of similar structure to the 
yelk-sac proper, from which it can in no way be separated as a distinct membrane. It 
seems probable, that the outer layer serves to fix or anchor the spawn upon the weeds 
or other bodies on which the female deposits them. 

The micropyle is very similar to that seen in the pike. It is, however, not easy to 
find in water while the eggs are adhesive, but weak solutions of the alkaline chro- 
mates, or of chromic acid with chloride of sodium, destroy the adhesiveness of the outer 
layer, without otherwise changing the aspect of the egg, and thus it may be mani- 
pulated, and the micropyle easily found. 

The Perch (Perea fluviatEis). 

The ^^8 may be expressed from a ripe female, cohering, so as to form a long fiat 
band, folded in zigzag. This band is a collapsed tube, a network of eggs with irregular 
meshes, altogether not unlike a netted bead purse. 

T^e unimpregnated egg rapidly absorbs water so as to distend the yelk-sac and its 
outer layer or “ eikapsel/' and to form a water-chamber, while the formative yelk con- 
centrates as in pike and salmon. The structure of the egg as a whole, is the mme as 
in the ruffe, and the oE is in one large drop. 

The yelk-sac, under which term is included the outer layer or “ eikapsel” of MtLLEB*, 
merits a very careful examination, but I must give only a brief description of such 
observations as I have been able to make upon it, 
like the outer layer of the yelk*sac in the ruffe, that of the perch is probably an 
organ of adhesion, but in this c^ the ^s adhere to each other before extreiion from 
the parent fish, and are not adhesive alter they are exj^lled. The time they le in the 
oviduct, free from the ovi^u^, and during which they are definitely ®rrang^ to form Eie 
tube, is very short, probably about twelve hours only, as I found a toate at 10 f.m. 

* " Tebrar zidlmdbe ia dter Bika|»el der Fische,” Mciirast’s AreWv, 18&4 
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pi?essai« but a few free, act yet cohering e^, mixed with some still 
'idttopMr ovisacs, and at 10 a,m. the next day, on pressure her spawn <^ine out in the 
naual way, forming a iat zigzag band. . ‘ 

*I1ie onto layer, or ** eikapsel,’* has a consistence much like that of fresh fibrine, is 
mimh thicker than the dotted yelk-sac, and is characterized by a radial striation. The 
striae look like tubes, haye a distinct double contour for each wall (Plate XVI. fig. 28), 
but are filled with a vacuolating material, and do not seem to convey anything, either 
fluid or solid, into or out of the egg. They are vertically set in a dear matrix, and 
termiimte on the outer surface by e.xpanded ends or mouths, arranged in a regular alter- 
nating order (Plate XVI. fig. 26). The surface of the outer layer is thrown into deli- 
cate folds, which radiate from the ends of the “ tubes,” and the aspect of these when 
viewed full far^ is seen in Plate XVI. fig. 31. I could not make out after very careful 
search, hexagonal outlines such as Muller has figured, having the ends of the “ tubes” 
placed in their centres. The appearance of a vertical section is shown in Plate XVI. 
fig. 27, which represents the point of junction of two eggs. At the free surface the 
profile view is crenated, the clear matrix forming lenticular elevations between the 
depressed expanded ends of the “ tubes.” The outer layer is separable only by tearing 
from the yelk-sac, and does not leave a clean surface. The “ tubes ” at their inner termi- 
nation divide into branches like roots, and are in some way intimately adherent to the 
outside of the thick dotted yelk-sac (Plate XVI. figs. 29 & 30). They have no expanded 
funnel-shaped mouths at this inner termination, such as Muller has described. Here 
and there in the substance of the outer layer, very delicate connecting branches pass from 
one “ tube ” to the other. The clear matrix is delicately shaded, as if faintly granular 
on its outer surface, which under high powers is seen laminated concentrically, and is 
sufficiently elastic to turn inside out, when a minute segment is cut off it. Its central 
substance is so translucent as often to escape detection in these segments. The appear- 
ance described by MOller, of oil-granules passing along the “ tubes,” may possibly have 
been due to vacuolation in them. Be that as it may, I saw appearances capable of 
being so construed, in the tubes of segments which had been cut off the surface of the 
outer sac without touching the yelk-sac, so that it is certain nothing passed from the 
inside of the egg along them. 

In various ways I tried .to make out whether any absorption of fluids took place along 
them, but always with a negative result ; for these experiments I used weak ammoniacal 
solution of carmine, solution of prussiate of potash, and then a salt of iron, and per- 
formed artificial impregnation in these fluids, that they might be present at the moment 
of the greatest inward current. The cleavage went on, the yelk-sac was dyed through- 
out, the clear matrix more so tMan the tubes, the germinal mass not at all after five 
hours. In short I satisfied myself that these tubes either do not at all serve for imbi- 
bition, or in a much smaller degree than the clear matrix, which has marked powers of 
absorption, sweBing up so as very much to increase its thickness after long action of water 
and in various elutions. I also tri®l the unimpregnated egg with like reiKilts, after forty- 
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^ht hmvi iR Heitor <Ba to «4mi^f tok 

toy ««, if eaaaiia^ ia rto to! ci a ^PiawA^li^Mito; 

a^ tomase the micropyle exists as in other osseow# hstos, ato ift to^ypae 
ai^rifeg to gemioal |W)!e. It is interetog fe> note that to hi to warn of 
i^wn we aE «> placed tot to ntoopyle looks directly towwrd® to arife ^ to ccd^ 
^^d tube which fonas to bai^ One eaGfect of this arrar^effienl pre?^ 

ife wdnsion by <»ntaci 

In perch sjmwn, taken ikaa tibe river, to micropyle is easiy seen, alto 
to young embryo with a needle ; a deporit of fine mud being usably depc^tei in 
furrows around it, thus rendering it visible to to naked eye. 

The dotted me has a structure in all essential particulars like that of 
(Plate XYI. figs, S2 & S3). 

Ths rimr Billhead (Cottus Gobio). 

The eggs are held together by a viscid secretion of the oviduct, the yelk-sac is 
furnished with a micropyle surrounded by button-shaped processes, just as is seen in the 
allied genus of Gast&rmtms. 

The Qvdgem (Cyprinus Gobio). 

The egg has a micropyle at its germinal pole, consisting of a conical pit perforated 
at its apex. The dotted yelk-sac is villous on its outer surface. The villi are soft, 
to^ous, easily deformed by pressure. The unimpregnated eggs imbibe water, form 
a breathing-chamber, and the formative yelk concentrates without exhibiting any active 
contraction. 

The Mmmm (Leuciscus phoxinus). 

Hie eggs have a micropyle similarly placed, with a raised maigin around the mouth 
of the funnel. In water they act just like those of the gudgeon, except that some very 
slow changes of the form of the yelk-ball occur. 

The Chub (Leuciscus cephalus). 

The egg has a similar micropyle, the margin of the funnel is crenated, and its rides 
are fallowed, it reacts in water like that of the gudgeon. 


The iMFBEeHATEI) Ovw. 

The BfAckUhach 

I purpose fir^ to de^to to which foEow toundatiem, up to to time 

wl^ to yelk €s«ime®^ to emixmAt then to wSsde to ^peri^ats mto to shew 
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hwr is effects, tmA «ft®twar4i to tie eoi^tilcms of lie protoplas* 

iwaow^es^ 

1, M^lur sequences of impregnation, * 

To tie ehai^ies wMoi follow the action of the Q>ennatLZooids npon the egg in 
&eir ^siie^ stag^ it is n^^ssary to fecundate artificially upon the st^e ^ the micro- 
mm^ For this purpo^ I u^d Powell and Lealaed’s animalcule-cage, a gla^ ring 
bcaag j&tstaied upon its lower plate, to couTert it into a cell, and a portion of the thin 
glass co’mr heir^ cut away so as to permit the fertilizing agent to be appHed at its edge. 
The male and female fishes about to be used may be conveniently manipulated, if fibe 
spinal cord be first divided just behind the gill-covers, after which they live very well 
in water for forty-eight hours or more. The semen is not easily pressed from the male, 
and hence in these experiments it is convenient to have a number of them ready, and 
to open the abdominal cavity and use a fragment of testis ; this, if quite ripe, will im- 
pregnate the eggs in the cell if pushed just under the cnt edge of the glass cover, so as 
to be not too much exposed to the action of water, which soon arrests the movements 
of the spermatozooids. It will not do to put the male fish into water after the abdomen 
has been opened, but if it be kept moist the spermatozooids live some time, 

a. Formation of the hreathing^hamher . — ^The earliest change which occurs after an egg 
is fecundated, is the formation of a space between the yelk-sac and the outer surface of 
the yelk. This space is the breathing-chamber of Newpobt ; it commences first close 
to the micTopyle and gradually extends over the rest of the yelk-ball *, being complete 
in from three to five minutes after the spermatozooids have been applied to the edge of 
the glass cover, in successful experiments. It begins by a withdrawal of the funnel of 
the micropyle from the pit in the discus proligerus, so that as vrater enters the funnel is 
gradually shortened, and at length may be almost efface. This withdrawal was seen to 
begin in about fifteen seconds after the first spermatozooid was seen to enter ; but ordi- 
narily it is visible about one minute after the testis has been applied to the eggs. After 
the breathing-chamber has been once formed, it for some minutes longer increases in 
by expanmon of the yelk-sac, so as to efface the indents on the surfoce of the 
egg, increase its size, mid render it globular, tense, and elastic, renmrkably resisting, 
and difficult to injure, the very reverse of its state before it had imbibed water. 

The formation of the breathing-cffiamber is, I think, not entirely due to the entrance 
o£ WBim, but in part to a c«>Hteacti(m of the substance of the yelk, which commonly 
a flattening of one surface. In the ^gs of Gtcstero^&m it seems certain that 
^ water mainly enters to fill the breathing-chamber ftirough the micropyle, and wo&ot 
oi&iary ciicimastaiM^ not by imbilution through the yelk-sac. It is somewhat difficult 
to how the i^issage of such a minute body as a spOTiatozooid through the tube 

ei tibie mieropyte, clo^ as it mmm to be only by the viscad secretion of the oviduct, 

♦ m only aseerfcedncd to be tbe fact hi Gastermtem. Li mmt other osseous fisl^ water enteis freely 
ffirongh the y<dlk“S®e, and the breathing-ehambeac may probably commence simttltaaeon^y at all parts of the 
surface, la I te&r© fitat I ife «maamie®DDneiit, m in first mm the micropyle. 

3q2 
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mm th& prompt vaatry of the surrouatog mediam, it i& a»awA 

tli© mwmd current k as^^od by a contracbioii of that part of the protoplasm with whieh 
the spaaaaatozooid comes into contact*. I tried in vain to obi^rve the mitiy with the 
str^®a into the throngh the micropyle, of minute partied^ of whie the 

teeathing-chamber was forming. A solution of caramel somewhat adii <fc^mpos^ 
the vi^ad layer, and stains the yelk-sac, but cannot be seen to ckjIout the fiuid in the 
breathing-chamber ; and the same result was obtained by using a salt of iron teat^ 
afterwmrds with pru^iate of potash. It is, however, difficult to tell the colour of the 
contents of the breathing-chamber seen through a dyed yelk-sac. A watery solution of 
the extract of safflower gave a similar result, and after twenty minutes, on rupture all 
the contents of the egg were colourless ; the inner sac was especially noted to be colour- 
less. It would seem that the viscid layer does not entirely prevent the absorption of 
watery solutions of pigments into the substance of the yelk-sac. This does not, however, 
inmlidate the conclusion as to the mode in which water enters to form the breathing- 
chamber. That it is the inner sac which presents the obstacle to the imbibition of 
aqueous solutions of colouring-matter into the yelk, is shown by the fact that ^gs which 
have lain for forty-eight hours in the dead body of the parent, and have become slightly 
decomposed, permit the tint of the caramel, and of iron when .tested by prussiate of 
potash, to appear in the substance of the yelk, in such of them only as have the inner 
sac ruptured, a change which often occurs in dead eggs, and will be ^ain referred to. 

b. Concentration of the formative yelk . — ^Very soon after the funnel of the micropyle 
begins to shorten, the formative yelk commences to undergo the series of changes which 
eventually terminate in the formation of the germinal disk. 

In one mstance, where the spermatozooid was seen to enter, the yellow droplets were 
distinctly paler in minute, and an obscure puckering was visible at the same time 
on the surface of the discus proligerus, which, after the completion of the act of fecun- 
dation, I would call the germinal disk. Gradually all the granular and other elements 
of the cortical layer or fonnative yelk move away from the ventral segment, and con- 
centrate into a disk at the germinal pole, where it then covers a somewhat smaller ar^ 
than that previously occupied by the discus proligerus, but is thicker. The ^g becomes 
clearer in consequence, partly through the removal from the surface of the clear food- 
yelk of a granular opaque layer, partly from the distension and increased traaslucjency of 
the yelk-sac. At the same time the* structural elements of the aarti<^ laymr undergo 
certain clmnges, which show that some flight action of water takes place through the 
substance of the inner sac. The yellow droplets grow paler, and disappear without 
distinct vacuolation, commencing to palo at the germinsl pdie. Although, in a 
short interval of time after these change nil, or nearly all the granules of the 
cortex are transferred to the germinai pole, and the yellow droplets either iMoried with 
them or in some way rendered invisible, I foiled to see any distinct movement of tbem 
siareaming towards the germinal pole. 

* Saeli coat^sdons imve beea dbtowa by Hewpobt to take place ia tbe csggs of 
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<»e ^y«n nimotei after impregni^ioii, the germiiial disk was seen not yet 

CnHf and as it predated ftdl face I watch^ in min for several minutes 

of the granules at a &ort distence ftom its outer margin, to see theii progress 
towards it. This attempt ims often repeated with a like result. But as from the first 
moment there are slight contractions of the protoplasm, minute displacements of such 
granules, if observed, would not be conclusive evidence of a streaming movement. 
That such streaming does, however, take place is, I think, certain from the ultimate 
position in which the granular matter of the formative yelk is found, and I have fre- 
quently seen the granules of the cortex arranged in lines radially placed around the 
periphery of the then concentrating germinal disk. The germinal disk is visibly increased 
in bulk three minutes after fecundation, but I have no doubt that it begins to concen- 
trate much sooner ; it continues to increase until all but a very few scattered remnants 
of the formative yelk are collected, and it is complete some time before cleavage, for 
which it is the necessary preliminary. 

That the disappearance of the yellow droplets from the cortical layer is due to 
the action of the water which has entered into the breathing-chamber, is shown by the 
fact that not only does it begin near the micropyle where the water enters, but it pro- 
ceeds more slowly in eggs which are too scantily supplied with water. 

As the concentration of the formative yelk goes on, and the discus germinativus 
increases preparatory to cleavage, the accumulation of minute oil-granules distinct from 
the large reserve oil-drops at the under surface of the discus increases. 

When at various stages after impregnation the egg was ruptured, and the genninal 
disk in process of formation examined, which was done in various media, it was found 
to contain no additional structural elements beyond those in the discus proligerus before 
fecundation ; but the yellow droplets were very few in number, or absent altogether, 
unless in cases where the egg had been treated with too little water, in which cases they 
were numerous. The same vacuolation and pseudo cell-formation were seen as were met 
with in the matter of the formative yelk, but no true vesicles or cells. The mass is 
essentially granular with a clear matrix in very small proportion, and is somewhat more 
solid than before impr^nation. 

The inner sac during these first stages appears to get thicker and firmer, at least it 
is more easy to observe; it is adherent to the germinal disk, over the outer surface of 
which it passes, and of which it probably constitutes the clear matrix. 

c. Mpde of effecting impregncMm, — ^To ascertain the function of the micropyle, the 
following observations were made. 

I fimt ^ught to close it by g^tie pr^sure, while allowing the spermatozooids to have 
free acce^ to all other p^te of the surface of the egg. This was done with ike ani- 
malcule-aige, prepared as before described (p. 457), the depth of the cell being some- 
what le^ than the diameter of the egg. In this way a power of X 100 may be used, 
whidi enables one to follow the spermatozooids distinctly. 

Esperimeat 1. — An egg was so compre^ed that its micropyle which presented was 
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1»> bt ; a ln^gi]i^it of ^stis imm m ripe 'am to of 

gkm m ^tt the sp^matossooi^ caiae <m^ &mtmt mA tl^ rio^ k|^. 

weire tiiai -ratdirf iscmMitly, for about ^hteea mtet^ riri^ 

mmng in emtmt with all oth^* parts of the yelk-sae, exc^t ^e attraof^e wi^dn 
ri]« area |»a^i upon by the cover. My attentiiMi was then wiib^rawii * m^feen 
laiiiulm later teey were languidly moving in the same ^rte, twenty smnates late they 
were n^ly all rfill; the prei^ure was continued till two hours twenty-five minutes after 
teie t^ag h^ l^en applied, when no signs of impregnation appeared, mid the next day 
to egg was addled, 

, l^^mnmnt 2. — ^Two ova were then impregnato in a similar manner, for control, 
witiftout pre^ure. The breathing-chamber was distinct in each in three minutes and 
a half, and vivid contractions of the yelk began in eleven minutes. 

Experiment 3. — An ^g was strongly pressed, in such a way that the micropyie being 
in profile, was not closed ; ibe spermatozooids were seen in active motion quite near to 
the aperture, and tbe evidence of impr^nation was discoverable before removing the 
pr^nrc in the change which the cortical layer underwent, although no breathing- 
chamber could be semi until the pressure was removed. This egg went on to cleavage, 
although it was later than nmmal, mid the cleavage masses were irregular. Uiis expe- 
riment was integaded to show that pressure alone, if it does not close the micropyie, 
dom not prevent impregnation. 

Experiment 4. — I put ^ven eggs into a laiger but otherwise similar cell, and applied 
pr^ure so that the cover flattened an area of each egg the diameter of which was equal 
to ludf that of the ^g. To these €gp I caxefially applied the testis from a vigorous male 
on two oecarions: and the spermatozooids were seen actively moving during the twenty-five 
minute I watch^ but I could find no indications of impregnation having occurred, I 
thm rmnoved the pressure and applied a fre^ piece of the t^tis, and in three minutes 
five of the e^gB showed a breatihing-chamber. Of the two failures, one at le^t 
had its micropyie so placed that it might be closed by pressure ag^st aimthm* ^g 
(Plate XVL %. 34), and the other had it looking downwards in such a potion cm to 
mclined stage of the microscope, that the current would tend to cany to spaanatoxooii 
away from it. 

Experiment 5, — put four ^gs of 6rasferostmis^nm^tttus(wM(!h are clearer rator 
better for this inquiry than those (d tee three-spined species) into the reU without 
mm and , totei 2 ®d teem. I watched dosely one egg, white was placte wite to mi- 
eropyle in foil face, so that the aperture at its apex was wte s^a, 
wme remi apprc^diing and entming the fonnel, and one was watteed rifi it 
api^rmdly in to directicm ci to mtmior of tee egg^ just at tee mmr^t when it Matte 
te ocaipy tee apeiiure at tee apsx of the micropyie Immedmtely after, to^ €# 
tofonael l^gan to diminite, ate abreateing chamber commmKte to form; two m tow 
more spermatozooids were less disfei^ly seen playing about in to apat of to ftmite m 
it was shortening : one of teeae a^iwrte to become srill befcare it vteteed, a|^««ttriy 
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bieatMag-^amber was compete in five aad tiie foimel ef the 

micro^le was e&c^ in fourteen minutes. During the first diortening of the funiml 
ii «# if the aj^atare at its apex also becmme mailer, but this apjiarance 

wmf have b^ deceptive. This experiment was repea^d, the spermatozooids seen 
moving in the ap^ of the micropyle, and in half a minute a hreathing-diainhe- began 
to form. 

l^j^riment 6. — then impregnated similarly five eggs, udng no prepare, and 
noted that one e^, which was so placed that the mouth of the micropyle was directed 
towards the stream carrying the spermatozooids, was the first to show indications of beh^ 
irapr^natal I saw in this case the spermatozooid enter the mou& of the funnel, but 
could not in this position of the egg trace it any further. This egg showed Hie breathing- 
chamber minute after the testis was applied ; in two minutes more all the ^gs 
showed a breathing-chamber, and in every case those ^gs which had their micropyles 
directed from the current were the latest to give evidence of being fertilized. 

Experiment 7. — placed four more eggs in the cage, and applied a fragment of ripe 
testis to the edge of the cover, using no pressure ; one egg was so placed that the mi- 
cropyle could be viewed full face, and the aperture at its apex was brought into focus ; 
this egg was in the second row, so that the current being diverted by the upper row and 
flowing quickly in consequence of the inclination of this stage, carried the spermatozooids 
wide of it I watched carefiiily and painfuily^for seven minutes; no spermatozooid 
approached the micropyle, and no trace of a breathing-tliamber appeared. I applied a 
fresh fragment of testis and watched closely for nine minutes longer, still no spermato- 
zooids were seen near the funnel, and no change was seen in the egg, although other 
parts of the egg were in contact with active spermatozooids. I then put another piece 
of testis to the edge of the cover, and turned the cell the other way upwards, so that 
gravity tended to bring the seminal particles back to the egg, which was constantly 
and careftdly watched. In two minutes I saw an active spermatozooid enter the apex erf 
the funnel and disappear as if inwards : a quarter of a minute more had not elapsed 
before the cleax bright drde, which marks the aperture, became indistinct from short- 
miing of the funnel : during the next two minutes I saw three more spermatozooids enter 
the apex, and vanish apparently inwards ; 1^ minute after the appearance of the first 
spmmatozooid in the funnel, the yellow droplets became paler; the breathing-chamber was 
complete 3|^ minutes later, and the usual vivid contractions of the yelk appeared in 
fifteen minutes. The eggs, two in number, which were in the fremt row were impreg- 
n^ed by tike first appHcathm of the testis. Thus for eighteen minutes, active, moving 
s^nnatozooids were seen in contact with the yelk-sac, but not in the micropyle, and no 
erf impi^n^on app^tred ; yet in a quaite of a minute after one was swn to enter, 
#ie mdiodions trf perfected impr^mtioa began and wmit on in the usuid way. The 
egg in thk e^rimmit was m4i mapregnated ; it lay in the back row, its mkropyle 
p^is^d ^^inst one of fhe ^gs in the front row, so that the access of spmnato- 
zio^s was remte^ difficult. Thei^ r^nlts leave no room to doubt th^ Hie frmetion of 
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i:he siKSK^le i® what its portion and stmcture safest, vk, to ^mit the 
to tte snrfac^ of the yelk. 

It maybe hare mentioned, although it adds littie to the stmogth of e?ida»^ 
adduced, that ripe eggs yet within the ovisacs cannot be imprinted. AH attempts to wm 
the sf^Maatozooids in the breathing-chamber failed ; nor is this to be wonderai at, m the 
ftoiaei of the micropyle dips so deeply into the pit in the granular opaque di»is proli- 
gerus, that it is impossible to see its apex clearly until it is withdrawn to some extent ; 
riius the first moments of the entry of the spermatozooids are lost, and their extaeme mi- 
nutene^ and delicacy, as compared with the egg, add to the difficulty of the ob^rmtion. 
It was observed during these experiments that the spermatozooids continued to move 
fiieely for twenty minutes or more in the viscid layer, but became still very soon if 
they had first to float a very short distance through water. The surer plan therefore is 
to apply the testis while only a little moisture covers the egg, and afterwards to fill the 
cell with water. 

d. Eelation cf these sequences to the surrounding medium and to the Sj^emiatozooids . — 
An accident occurred during these observations which shows how well the spermatozooids 
continue to move in the viscid secretion of the oviduct. Eggs yet within the parent fish 
were unintentionally fertilized by appljdng forceps which had just before held a piece of 
testis to the sexual orifice of the female. 

I was thus led to make an experiment vrith a view of ascertaining what share water 
had in inducing the chaises which follow impregnation. 

I fertilized the ova yet in the oviduct of a three-spined female, by applying to the 
sexual aperture a fi*agment of testis from a ripe male. In ten minutes some of these 
eggs, pressed out and examined without water, were foimd to have a concentrated discus 
germinativus, and the yellow droplets had disappeared from the cortical layer; the 
breathing-chamber was not, however, distinct, partly in consequence of the strong refrac- 
tion of light, partly from its small size ; but on adding water it was at once apparent, m 
promptly, indeed, that it must have been present before. The fish was then covered 
with oiled silk and put aside, and ^gs pressed from her twenty-eight minutes after im- 
pregnation were found contracting. Forty-eight minutes after they were still con- 
tracting, and then water was added, under observation, to see if it increased the activity 
of the movements, but such result was not observed. Two hours and a quarter after, 
more eggs, pressed from the fish, were just about to cleave. Water being then added, 
to make the object more distinct, the funnel of the micropyle was seen dipping into the 
deep pit of the discus germinatiTus, thus proving how imperfectly the ydfc-sac had 
distended. 

Five of these eggs which had not touched water were put into pure nut-oil twenty 
minutes after impregnation; five minutes later they were seen contacting, and at two 
hours ten minntes after impregnation four out of the five were cleaving. Thtffi concen- 
tration of the formarive yelk, formatitm of a small breathing-chamber, and even cleavage 
may occur without the presence of water, if maternal fluids are presaii But I ought 
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to »i<4^ ttet the ceatractions seemed to be scarcely so Tiidd as m eggs normally fecun- 
dated. 

Wi^ &e liew of testing whether any changes were due to the mechanical action 
alone of the spermatozooids, I tried to caui^ the micropyle to be forced by minute 
mim^culm, but could not succeed in any instance, in consequence perhaps of the ani- 
malculgB being idl somewhat larger than the spermatozooida No better result fol- 
lowed similar attempts with the spermatozooids of lAssotriton punctaMs and of TTnio 
tumidm. 

If eggs be exposed to water without being fertilized, the Tiscid layer prevents its action 
to a great extent, for they may be left in it two or three hours without losing their 
iiaccidity ; after a still longer time they imbibe a little, even before the viscid layer has 
lost its chamcteiistic properties ; in so doing they become rounded and more tense, the 
yellow droplets become paler, but do not vacuolate : an imperfect concentration of the 
formative yelk occurs. If the unimpregnated eggs be submitted to a stream of water 
of considerable strength, and for some time, by which means a part of the viscid layer is 
removed, although no effect is seen at once, yet in an hour a good breathing-chamber 
appears, and the formative yelk is concentrated. 

Some ill-understood changes take place in the eggs after the death of the parent, which 
diminish the readiness with which they may be impregnated. I kept a dead ripe female 
moist for 1 9f hours, and found that only five, out of ten of her eggs, could be fertilized, 
although all the ten seemed alike ; four hours later, only two out of seven could be 
fecundated. The testis of a male was used successfully after it had been dead twenty- 
one hours. 

If a dead female be kept moist forty-eight hours in summer weather, the eggs inside 
her become a little decomposed, and then a breathing-chamber soon forms when they are 
put into water ; the formative yelk concentrating, the yellow droplets vanishing at the 
same time. 

Thus it appears that although in Gast&rosteus the formation of a breathing-chamber 
and the concentration of the formative yelk, under normal conditions, only occur after 
fecundation, yet they are only an indirect consequence of the action of the spermatozooids, 
which act by favouring the entrance of the surrounding medium into the cavity of the 
egg. 

2. Later sequences of impregnation. 

a. The yelk contractions are the most striking of the phenomena which follow the 
entrance of the spermatozooids into the egg. They may be watched with a lens, or 
better, with the compound microscope, using a power of x50 or xlOO, and may be 
spoken of as rhythmic yelk contmctions. From the first moment of entry of the sper- 
nmtozooids, slow contractions of the yelk b^in, and assist in the formation of the 
breatiiing-ehamber, causing fiorst a fettening of the surifeee of the yelk near the ^rminal 
pole, and afterwards sHght changes of outline due to travelling waves at other parts of 
the surfe^ hut not before the breathing-diamher has reached that part. Gradually 
more vivid contractions commence, at various times after fecundation, according to the 
MI>CX3CI^n, 3 E 
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in fifteen or twenty minutes after impregnation. 'IHbey cause a fialtening of <me «Me ^ 
Ae felt-WI, m me wMdi it is ofim aa^s^ary to roll the ^ ofer ^l«te Xfl. %s. ^ 
& ^fhe fiat saifeoe gr^ually become a sulcus, giving a JtmMoxm outlfiw to Ae ydik 

(Plate XVl fig. S6). It tibmi extends all round, giving ri^ to a dumbbdl (Vbie 
XVL %. ST). This sulcus, which may be termed equatorial, travdis with 
but vmable rapidity toxm^s the germinal pole, producing as it pa^i^ on, titee &tsk finm 
(Plate XVI. fig. 38). The sulcus is lost by passing forwards to the germinal ^fie, not 
by retexation. It is seen for a brief s^ee affecting the thickness of the gemumd ^sk 
only, to which it gives a nipple-like fcnm, while the food-yelk is round (Plate XVL %. 30). 
When effaced, the whole yelk-ball is ^obular and at rest, the germinal dids b^^ no 
longer prominent (Plate XVI. fig, 40). This series of forms recurs wifti more or i^s of 
Ti^ularity, and with some variatiorus both of time and form, about fift^n or twenty 
rimes ; each ^ries being the result of a traveliing wave. About five waves pa^ ia tmi 
minutes. Sometimes a wave commences as usual near the equator, and then for a diort 
space passes towards the \'entral pole ; but it soon returns, and pasring forwards towanfe 
the germinal pole, is then lost ; occasionally other irregularities occur, such as two or 
even three wav^ tr^eUing at the same time, a new one having commenced before the 
previous one had ceased (Plate XVI. figs. 41 & 42). This is more often the case in 
warm weather. 

The concentration of the di^us germinativus is somewhat greater as each wave comes 
to that pole, although some diffusion occurs ^ain, always as the round form is reproduced 
(Plates XVI. & XVII. figs. 35 to 49 inclusive). The contractions continue, although 
gradually declining in vigour, up to the period at which cleavage begins, after which I 
could not trace them beyond the area of the ^rminal disk. (See Plate XVII. figs. 44 
to 49 inclusive, which are drawings made at short intervals, until the commencement of 
cleavage ; and show some singular forms of the germinal surface of the food-yelk, whidh 
are difficult to understand, as contractions of its substance. The figures show alM> the 
constantly recurring elevation and depression of the germinal disk caused by the travel- 
ling waves.) The periphery of the germinal disk is perpetually varying, being now 
sharply defined, now shaded off and diffused, but it always has a circular outline. 

Coincidently with these contractions, oscillation of the whole yelk-ball takes pliK^. 
At first this is so slow that it requires the use of a cobweb micrometer. As the contractile 
waves increase in vigour and rapidity, the oscillations quicken. 

During the early feeble contiacti<ms,' the micropyle, except in where from d^ 
dent supply of water the funnel is not quite withdrawn from the pit in the i^iniiaal 
disk, has its poririon changed relatively to the germinal pole of the ydk, by a 
imperceptible swing of the latter. 

With the vivid contracrioi^ b^bi viable oscillarions of ihe yelk-baU, m ^at its ga:- 
minai pole swings through about 60°, usimliy in a plane, which mts the mkKJpyie, and 
which may be vertic^, horiMm^, or imtoed, hut is not a tame as the germiiud 
pole de^ribes an elH^e. 
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a tibose of Gmtermim there is no rotataon cm the polar aids ; as I a^erteied b j 
waging ixii^ points^ on ^ch side of a ^idar thread, placied so as to correspond 
to the polar axis. However, it is not intended to deny the occurrence of occasional slight 
cm any axis erf the egg, during the various and irregular contractions which 
ec»ur. Ihe ydk rests on riie lower part of the yelk-sac, b^ng of greats specific graviri’ 
Aan the water in the breathing-chamber, and the osciliation tekes place from the point 
of rest. 

The osdllations are caused by the conti’actions of the yelk. Not only do they com- 
mence with the beginning contractions, and become pronounced as the latter become 
vivid, but each commencing wave is shortly followed by an oscillation. In one oh^- 
vation six to and fro oscillations were cotmted in thirteen minutes, each corresponding 
to a tmvelling wave; this was during the second quarter-hour after impregnatiou. 
During the next half-honr, the contractions being less rivid, thirteen to and fi-o oscilla- 
tions, proportionally more limited in extent and rapidity, were counted, each correspond- 
ing to a wave. Gradually, as the contractions became feeble, and limited to the germinal 
surface of the food-yelk, the oscillations ceased, and the germinal pole became stationary, 
about Sfi** from the micropyle. In short, the contractions measure the oscillations, so 
that irregular contractions cause irregular oscillations. In one instance, where two 
waves began on the left-hand side of the yelk-ball, so that the first had not ceased before 
the second had begun, there were two oscillations to the right, and none to the left. 

I could not always with certainty connect the direction of each oscillation with the 
position of each commencing wave, yet, as a rule, the germinal pole swung to the right 
if a sulcus appeared on the left side of the yelk-mass, and mee versd^ provided the sulcus 
was in the germinal hemisphere, or near the equator ; but when the first depression of 
the surface was in the ventral hemisphere, the osdllation carried the germinal pole to 
the same side as the sulcus. The result was, however, often modified by the duration 
of the wave, as well as by the rapidity at which it travelled. 

The <^dllations were influenced occasionally by oilnlrops of larger size than usndl, 
adhering to the germinal disk, and making it float uppermost ,* then, the osciHatimis 
were in a Terti<ml plane, or nearly so. The yelk-ball is of nearly equal specific gravity 
throT^hont, as it retains any porition it may be placed in, the oil-drops usually floating 
m ir^lj in the outer portion of the foodryelk, that they move up to the top during an 
orflation or any other movemmt. 

It is timrefore a fair inference that the oscillations depend on the contractions, which 
faltering the form of a globuMr maas of nearly equal denaty throughout, and p^tly 
fltmted, its centre of gravity, md determine the mov^mit to restore the equili- 

Mum, onward movement of the wave would fiirthar modify the r^ult. 

uaimpr^nated e^s, in a ripe female whidi had been dead forty-ea^t hon^ 
and k^t mofet, were a little ^<xanposed, and ia many in^n^^ had tibe inner sac rup- 
tui^ so tlm whole or a portion <rf the food-yelk had esraiped into toe cavity of the 

3e2 
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art the inner me had shrank to a variable amomt Over tihe parflf empti^ 
inner me, where it still contain^ some food-yelk, a wave of contraction was sometimes 
semi to ^ss dowly, bat distinctly and repeatedly. The ohsmvation was im^e m seve^ 

Thas tile contractions of the yelk in Gaskrostem are independent of impregnati<m, 
altinmgh ordinarily they are only seen in fecundated eggs, and they may mi^nme long 
after nil vital processes might be supposed to have ceased, and while ail around, and in 
^mtact with the contracting matter, is decomposing. 

b. TIw cleavage, which is limited to the germinal disk, begins usually about two hours 
after fecundation, although sometimes as early as I*' 25"', or as late as 4^, varying chiefly 
with the temperature. 

The formative yelk, having been concentrated as described, vaiies considerably, as 
to its form, at the moment when it is about to cleave. It may be flat and somewhat 
diffused, with its periphery well defined, or not, it may be prominent and conical, or 
hemispherical ; in short those modications of its form which result from the then fading 
remnants of the waves of contraction, are still going on at the moment when a fresh 
set of contractions begin, viz. those which result in cell-formation. Plate XVII. fig. 49 
shows its usual aspect immediately before cleavage, and the moment when the first cleft 
is begmnmg is shown in Plate XVII. fig. 50. 

Adhering to the under surface of the germinal disk is the group of minute oil-granules, 
which are more numerous at this stage than at an earlier one ; and as there is a constant 
consumption of the stock of oil in the group of larger drops, during the development 
of the germinal mass, it appears probable that at the surface of contact between the two 
kinds of yelk, a digestion of oil, so to speak, goes on ; the process having for one of its 
constant phenomena a subdivision of the oil into minute granules. The remarkable 
appearances which attend the vacuolation of the matter of the formative yelk have 
often, irrespective of the evident absorption of oil into its substance during development, 
led me to infer that it was a compound, containing some fatty substance, easily separable 
firom its associated matter. As to its structural elements, the germinal disk differs in 
this stage in no other respect from its earlier condition ; but when crushed and examined 
under higher powers, a few yellow droplets are seen in it, and it is more solid than it was. 

The cleavage be^ns in a faint well-defined line, which, seen in profile, appemrs as a 
notch, dividing the germinal disk into two equal halves (Plate XVII. figs. 50 & 52). 
This deepens and gradually separates the germinal disk into two conical elevations 
(Plate XVII. figs. 51 & 53). Even during the cleavage, constantly recurring, very 
slight waves of contraction go on, chmige the form of the cleav^e masses, and cau^ 
the periphery of the germinal disk to vary. The two first cleavage ma^s, after the 
stage of greats ^paration (Plate XVII. %. 51), approach each other and appear as 
if about to fuse ,* this would seem due to the yelk contractions ; it is, however, common, 
if not constant, just before the next cleft begins (Plate XVII. fig. 54). 

The inner sac is thrown into folds at the maigin of the cleft during its formatiem, 
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reiBDidaig one of the “ Faltaikranz ’* described by Eeicheet*, and M. ScHULTZEf, in 
the &og*s egg (Plate XVII. %s. §5 & 56). ^ 

Ube cleaTsge m^ses at no time can be seen to contain any nucleus, vesicular or solid, 
nor cordd I find any in the germinal disk prior to cleavage. After twenty hours the 
germinal mass consists of a cup-shaped group of cell-like corpuscles, the result of re- 
peated ^mentation, seated upon the germinal pole of the yelk (Plate XVII. fig. 57), 
without any differentiation of parts. It is closely connected with the inner sac, which 
may be seen at its outer boundary forming radially arranged folds. The mass is solid, 
and its elements cohere with some tenacity, but on rupture in water the cell-like cor- 
puscles in part separate, and as they float away undergo vacuolation. 

The surface of contact of the germinal mass with the food-yelk is difficult to study. 
It seems to be merely the corpuscles resulting from segmentation in contact with the 
fluid food-yelk. 

It is not without interest to note, in passing, how frequently, from slight causes, 
among which pressure seems to be the most important, an asymmetrical cleavage occurs ; 
and the possibility of artificially inducing the formation of monsters is thus suggested 
(Plate XVII. figs. 56 & 58), One egg, in which the irregular cleavage had been seen, 
showed on the eighth day a well developing embryo, about to burst the yelk-sac, but no 
visible deformity. 

3. Conditions of the Yelk Contractions and of Cleavage. 

a. Poisons . — ^Experiments were made on impregnated ova of the two species of Gas- 
terosteuSy to ascertain how far the contractions of the yelk, and the cleavage were influ- 
enced by poisonous substances. 

Ilgdrocyanic acid, when very dilute, produced no visible effect upon the rhytlimic 
contractions of the yelk, but caused a little delay in the commencement of cleavage. 
When used a little stronger it slowly produced rupture of the inner sac, without pre- 
viously seeming to influence the rhythmic movements ; and it delayed still more the 
cleavage in those eggs which had not ruptured the inner sac. When used still stronger 
it arrested the rhythmic contractions, but at the same moment caused bursting of the 
inner sac and opacity of the yelk. 

Atropia . — A supersaturated aqueous solution had no apparent effect on the yelk con- 
tractions or on cleavage. 

Aconite . — ^The spirituous extract, mixed with water, did not influence the yelk con- 
tractions, but retarded the cleavage. The next day the yelks had undergone chemical 
change. 

Sfa^chma. — ^The aqueous solution had no apparent effect. 

b. Galmnism . — ^The following ob^rvations were made to ascertain the influence 
exerted by the galvanic current upon the yelk contractions, and on cleava^. In my 

• Arehiv fiir Anatomie, ifec., 1861 and 1863. 

■ t Obsen^ationes lioimallsB de Ovorom Sanaram S^meatatione, 1863. 
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prefioas it wm s^id to have no dfet cm Ihe y^dk ^nteacMom I ased ttei a 
single cmH containing of gold wire, and the same of zinc, excited by a iwlntion erf 
of ^inm. A like negative result was obtained, with to the deavage, 

wMe nsing a cell containing embon and zinc, each 2 square inches, excited l^w)initt€®i 
salt. 

Later ^qperiments in May 1864 with more powerful currents and better appK^ces 
have remrsed the imM. 

1 used an induction apparatus made by Stoehree, which admits of nice gmdmtion, 
and has as much power as is usually required for medical purposes. 

A cell was prepared, the idea for which had been suggested by Kuhke*, of sufficient 
depth to permit the eggs to be covered, without pressure, and the conductors wm*e so 
suspended that the movements of the stage of the microscope were unimpeded. A 
cxjntact breaker was introduced into the circuit, so that it could be closed for any 
required time without touching the stage or removing the eye from the microscope. 
A veiy weak secondary current was employed, using only of metallic contact, and 
pushing the coil as far off the core as possible ; the shocks were then barely felt by the 
moistened fingers. The primary current was found to be less suitable for these experi- 
ments, being less perfectly graduated. 

An egg, fifteen minutes after impregnation, was placed between the poles in the cell, 
and watched for a minute or two with a power of X 75. The yelk was seen to be lan- 
guidly changing its form, by fiattening one s^ment ; no travelling waves were present 
(Plate Xni. fig. 59). On then making contact for about i minute, there appeared, 
a very brief interval, which I could not accurately measure, a deep notch surroimded 
by radial foldings of the inner sac in that part of the yelk-ball nearest to the platinode 
(Plate XVIL fig. 60). The tardiness of this reaction made it impossible to note the 
relative eflk;t of making and breaking contact 

AftCT another similar application of the current, another notch form^ near the 
first, and directly after, the inner sac burst at a point distant jfrom the notch, and the 
food-yelk escaped (Plate XVII. fig. 61). 

Other applications of the curr^t were followed by indentation of the yelk, on the side 
opposite to the first formed one, and the inner sac burst near the new indents; tee 
escaping food-yelk showed signs of chemical change, being very granular from electro- 
lyas (Plate XVII. fig. 62). 

Thei^ exdted contractions were followed by oscillations. 

At tee rupture in the inner mi the tom edge is well seen, as it retreats during tee 
shrinking of the yelk-baU ; it is often folded and ragged, sometime drawn into ter^ds. 

The circuit being a^in closed as before, tee inner sac shrunk into a lobular mass, 
which contained the gimter part of the formative ydk, mid a little food-yelk, which ‘wm 
mm to esimpe more rapidly undmr tee influence of tee curmnt. MwJtroly^ mm more 
marked in the yelk of both kinds (Plate XVIH. fig. 63). Aftmr teis stege repeated 
* Uatersuclumgen uber das Pi^toplasma nad dk 1864, p. 147. 
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of tiie oun^ were B^de, bmt &ey were oaiy followed by slow sbrmMng 
^ tbe rMBaasing poucb^ of ianer ^c, by which the food-y^ aad even the oil were 
out, ^d the whole warn at length became darkly granular (Plate XVIH. 

I afterwards ascertained that one application of the current, sulnciently strong to 
deep indait, was generally followed after a time by mj^nre of the inner sac^ and 
all the further changes above described. Repeated applications of the current hastened 
tfem howevm*. 

It was somewhat difficult to adjust the strength of the current, so as to excite well- 
marked conductions, and yet not cause rupture ; however, by using the smallest amount 
of metdlic contact requisite to put the machine in motion, by pushbg ibe coil quite off 
the core, and by closing the circuit for only two to five seconds, I obtained trustworthy 
results. 

With th^e, which may be <alled zero-currents, I excited peristaltic waves, distinguish- 
able from the normal ones by their greater depth, abruptness, rapidity of formation and 
of progress, by the varying directions in which they travelled, and the positions at 
which they originated. An excited contraction may begin near to either electrode, or 
distant from both ; the sulcus may be in the direction of the current as in Plate XVIII. 
fig, 65, or at right angles to it, as in Plate XVIII, fig. 66. Such waves may be 
equatorial or meridional, as the same figures show. The zero-currents cause no ob- 
servable electrolysis, and are slower in exciting the contractions than the stronger cur- 
rents aie. 

The position of the rupture in the inner sac varied much ; it had no constant relation 
to the electrodes, or to the poles of the yelk-ball. Sometimes it took place near to the 
indent, especially if the current was strong ; sometimes at the part of the yelk-ball most 
remote jfrom the contraction, and then it was preceded by a protrusion and distension of 
the inner sac, which exhibited a marvellous extendbility. 

Ova which had arrived at that stage, when, being about to cleave, their natural con- 
tractions had nearly ceased, contracted in a similar manner, but required perhaps some- 
what stronger shocks, and the interval which elapsed between the application of the 
galvanism and the commencement of the contraction was rather longer. Ova in the 
second stage of cleavage, when the normal contractions had ceased, were markedly con- 
tractile on the application of moderately strong currents. Unimpregnated ova, when 
submitted to a moderately strong current, soon imbibe water, form a breathing-chamber 
and contract ; and then rupture of the inner s^ and electrolytic changes are very apt 
to o<»ur n^ tile electrode. 

13ie exdt^ contractions, although, like the normal on^, they began almost coi^ 
stantly upon some part of the outer surface of the food-yeik, ^tended ^erwaids to 
tii^ surface which lies in contact with the germinal ditit. 

HditiMT tihe germinal disk, hot the ^pmate deavage ma^es could he to exhibit 
my movemmts by plvamc irrit^on, althou^ certeiii ctoges of their form 
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^imreclj wliMi wexe 4m to the contmc^ons of the foc^-yelk with its co?era^* 
SectrolyMe ehaagesj however, appeared very readily in the eohstaBice of the cleavage 
masses, which became regularly creuate at the mai^in, as if compt^d of ^aH gio- 
hular cells (Hate XVIII. fig. 70). The current used in this observation decomposed 
water. 

Ova nine minutes after impregnation, before visibly moving contractile wav^ had 
commenced, contracted to the zero-currents. 

The cortical layer of the food-yelk being carefully examined at 40® and at 2^ SO® 
after impregnation, with a power of xlOfi? it was found that a few scattered granules 
and yellow droplets always remained, which had not been collected into the germinal 
disk ; and these, on mpturing the inner sac by a strong current, were observed to retreat 
with it from the broken part, and to undergo vacuolation at the same time. In this 
way, better than by any other, the intimate connexion which exists between the inner 
sac and the remnants of the formative yelk where it is spread over the food-yelk, is 
shown. 

c. Heat . — Some observations were made to ascertain how far abstraction of heat 
diminished the susceptibility of the contractile material of the yelk to galvanic stimulus. 

Control experiment. — Ova were fertilized and kept, some in cells, others in capsules, 
at the temperature of the room, 58® F. After thirty-five minutes they were actively 
contracting and rotating in the usual way ; they completed the first cleft after 2 J hours, 
and the second after five hours. The germinal mass was in the fine mulbeny^ stage of 
cleavage after twenty-four hours, and then no conti’actions of the yelk were seen, but 
zero galvanic currents excited them distinctly in the yelk, without causing any move- 
ments in the germinal mass. 

Experiment a . — Some of the same ova fifteen minutes after impregnation were placed 
in a chamber cooled to 45® or 48® F. : forty-five minutes after, they were conti’acting 
normally but languidly, and responded to the galvanic current apparently as well as did 
the ova in the control experiment. 

Experiment et . — Some of the same ova, two hours after impregnation, were put into 
a chamber cooled to 40° F. The first cleft was not completed until 3*^45“ after impreg- 
nation ; so that cold, even when it does not act imtil late in the stages which precede 
cleav^e, retards its progress. 

Experiment h . — Some of the ova which had been cooled to 45®--48®F. were, one hour 
after impregnation, further cooled, so that the thermometer on the cell stood at 32° F., 
the water not being frozen. The yelk-baU became round and stili, but zero-currents of 
galvanism somewhat slowly excited very distinct contractions. In this experiment, 
however, the cell was rapidly receiving heat from the stage of the microscope, as I had 
then no means of maintaining it at a constant temperature. 

Experiment c . — Some of the stock of control ova were, one hour after im|»^nation 9 
cooled so that the water was nearly all frozen, as well as some of the eg^ which were 
then allowed to thaw. Those which had been frozen wei« decidedly opake, and various 
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erf opalescence were seen in most of the eggs. Examined by a power of x S§, 
the om had their inner sacs ruptured and shrunken in degrees, varying with the 

opadty, the discus germinativus being lobular and darkly granular. Those ova which 
were fein% opalescent only, exhibited but slight shrinking of the inner sac, which had 
evidently healed soon after rupture ; the site of this was mark^ by a deep pit sur- 
rounded by radial folds. Gradually, rmder the influence of the warmth of the room, the 
slight contractions natural to this stage returned. Zero-galvanic currents produced 
strongly marked contractions in these eggs. Those which were only thus partially 
ruptured, cleft for the first time about five hours after impregnation, but the masses 
were not symmetrically arranged, so that perhaps in this way also monsters may he 
formed (Plate XVIII. %. 71). 

Cold, then, delays the changes which follow impregnation, but does not, within those 
limits which fall short of mechanical rupture and complete derangement of the structure 
of the egg, destroy irritability. Observations are wanted, however, with eggs cooled 
down to the state ^ described in experiment b, upon an insulated stage, kept at the 
required temperature, while the galvanic current is applied. 

Observations were then made on the efiects of elevated temperatures, upon the move- 
ments of the yelk, and on the cleavage. 

Control experiment. — Ova impregnated and kept at the temperature of the room 
(58® F.), were 30“ after, contracting and rotating slightly, 45“ after, vigorously, 2^ 30“ 
after, were not cleft, but 6^ 30“ after, were cleft into eight masses. 

Experiment d . — Ova ten minutes after impregnation, being warmed on the stage of the 
microscope to about 73° F., at first did not seem to be influenced ; but after ten minutes’ 
continuance of the warmth, they were seen to be moving more rapidly than those of the 
control experiment. The temperature was then raised to about 80® F., which, after 
some minutes, produced a state of almost complete rest, with the yelk-ball globular, the 
discus germinativus nipple-shaded, and the oil-drops displaced. At the same time the 
control ova were vigorously conti’acting. Being then removed, and left at the tempera- 
ture of the room, they completed the first cleft at 1*^ 50“ after impregnation, and by 
6** 30® after, were cleft into the coarse mulberry stage, and much in advance of the 
control ova ; a fact, the more remarkable, because the contractions had been arrested 
for a time by the highest temperature used. In this experiment the thermometer was 
laid upon the cell, hut probably indicated a temperature somewhat higher than that 
reached by the eggs. 

Experiment e . — Ova ten minutes after impregnation, put into a chamber, warmed to 
8^ F., mid kept there for twenty minutes, were found actively contracting. In this case 
I hid r^stm to think that they did not readi the temperature of the chamber, which 
was then heated to 102® F., and after some minutes, when the control ova were actively 
contracting, these e^s became relaxed and stiB, so that their globular yelk-balls filled 
the yelk-^, and effiiced the breatMng-chamber, and the oil-drops were displaced and 
ottered. On cooKng the eggs again slowly to 58°F.j the contmclions reappeared in 

MIKX3CIXVII. 3 s 
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bttt wem OfeaTi^e mx borof after 

^mi^ed irregaiaify ws^ wiftic^^ 

MmAm' m6ie is ibra sn^ested by whkl mon^rara may be fena^. Scaae of 
cm ^^0 teft m Ae chaKiber al 102® F. fe aaimtes. They be^ae €3|«ksrajt, 
iffiaer mm niptnr^ ^nijik ap^ 

Bsp^iment / — Om me boar after mpregnatioH were wam^ ia a apoa a 
iiB^d ^te, ftie tbem«»€fter resting apon idikb stoo€ at 103®-104° P. In ff minafes 
tb^ b^n to be cpal^ent, aM in four minutes they were opake ; tbe yelfc-bdi was 
mw^ and filled tbe yelk-sac, and tbe inner sac was not ruptured. The opaque y^: 
iK>t coagulated, diffused in water, on cutting an egg throng. In thfe mode of 
applying the heat, the eggs approached more nearly the temperature indicated by tbe 
tbmnctfueter. 

Experimmit g . — Ova 1 J hour after impregnation, pnt for 5 minutes in a chamber at 
P., had their yelk-balls globular, relaxed, so as to fill the yelk-sac, and their oil scattered 
mwi displaced towards the periphery ; but were not at all opaque. Being then replaced 
in the chamber, warmed to 103° F., they socm became faintly opalescent to the naked 
eye, and when examined with a power of x75 the yelk-halls were found, to fill the yelk- 
sac ; even the germinal mass was diffused and the oil scattered in small drops, but no 
coagulation was visible. These eggs were gradually cooled to 58° F., and soon contracted 
so as to form a breathing-chamber ; no contractile waves appeared, but the germinal disk 
concentrated. They were again put, but only for a few minutes, into tbe chamber 
be^ed to 109° F., when again the yelk-balls became ^obnlar, and effaced the breathing- 
chimber ; ^ain, as they cooled, they contracted so as to cause its reappearance. Once 
more they were pnt into the chamber at 110° F., when a faint increase of opacity was 
visible, and being removed to the metal plate, at 103° F. they all shortly became opaque. 
In this experiment, I have no doubt that the thermometer iu the chamber indicated a 
temperature considerably higher than that reached by the eggs. 

Although the difficulti^ which stand in the way of warming the yelks to a givaa 
temperature, and nmintaining them there, were not satisfactorily overcome in these ex- 
periments, it is, I think, fair to infer that a moderately elevated tempemture quickens 
the yelk contractions, mad hastmis the commencement of cleav^e. It is probable that 
75° F. is somewhere about the upward limit of this temperature. 

A higlmr temperature, which b^ins probably about 8{f F., aarests the contractions, 
and relaxes the yelk-ball, which on cooling recovers itself, unless the hmt h^ b^a 
earned too ftr. This limit w^ imt made out with certainty, but is probaMy abmit 
100® F, Imperfect etmgulation of ^me of the cemteats of the yelk, or at feag^ a gmnular 
predffttatioai c^curs at about 103° F. 

d, O^ggm (mi cmlmm mid . — Tfee question which I have attempted m 

this ; Is oxygen in fim surfroi^ag medium a mmmaj cemdhion of 
of cleavage I 

Ckmtol L-— Of» mteites sdler in 
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lb %Mf At abanates mA ai ftaty abnutes ato* 

Mfs^ia^cm, Ibe eoatcactiOTS were cfaerwed to be aoimal; at 1^ 10«^ tb^ wem almost 
Mffiited to the neighbourhood of Ihe germinal disk, and ito ra6we directed towards the 
i^^-yeik; sA two hours began; at 2** 40® prc^re^mg, the "Faltenkranz” 

d^fflct; at SO® the ^eond cleft oommenmng ; at five hours ccacaplete ; at el^t hours 
th®pe wore thirtydwo cd^vage masses; at twenty-four hours the germinal mass was com- 
]^ed of minute cell4ike coi^usdesu 

Ckmtrol experiment 2. — About six ova were impr^nated, and kept in a hghtly covered 
cdl in tap-water. At thirty-five minutes after impregnation they were contractu^ 
normally, at2*‘ 15® were about to cleave, at 3^ BO® the first cleft was completed, and 
the second about to begin ; at twenty hours after, the germinal mass was a cluster of 
corpuscles having the general aspect of cells. 

Experiment 1.^ — Into a similar cell, five minutes after impregnation, an equal number 
of ova were put in ordinary aerated distilled water. The cover was sealed with hot wax 
and lard, an operation which lasted about two minutes. The eggs were then compared 
with their control ova, at thirty minutes, at forty minutes, at 10®, at two hours, at 
2'- 4#-, at 3^ 30®, at five hours, at eight hours, and at twenty-four houm after im- 
pregnation, and were on each occasion found to he progressing equally with them. 
Accidentally <me or two of these eggs were injured, so that the inner sac broke, and 
partially emptied itself^ but cleavage went on in an irregular manner, although with a 
rapidity equal to that observed in uninjured ova. 

Experiment 2. — An equal number q£ ova, twenty-five minutes after impregnation, 
were put into a similar cell, in distilled watm: which had been well boiled, and the cover 
was sealed as before. At forty minutes, at one hour, at two hours, at 3^ 30®, and at 
twenty hours after impregnation, they were found to be progr essing, equally well with 
thmr m^ntrol eggs. 

i^perimmit 3. — ^The same as the above, using water in the ceil which had been satu- 
rated with hydrogen affe^ having bemi bmled. At forty-five minutes, at one hour, at 1* 
fib®, at 2** 15®, at 3^ 30®, at tw^tyhoure after impregnation, they were sIm) found 
to he prc^^smg, like the eggs in the control expmiment 

ikperiment A — ^The ®®ae as the kst, using distilled water impii^aat^ with oxygmi. 
At forty minutes, at 1*^ 10®, at two hours, at 2^ 40®, at five hours, at hours, and 
at twmity-four hours after impr^^mtion the ova were examii^ and found to be quite 
Mhe tiheir contiw)! ova. 

J^Ep^hnent 5.— The mme m the above, ushag water ^wbicb bad l^n modeia^^^ 
witii carbmiic miid, after well bcaW. Forty minutes after impr^ 

smMmf i^er the cdl had been sealed, the yeto were seen in the dumbMl 

iwbl mater otervation the aufotm was ^bced wi&oot tmvelling cm, Ihe yd&- 
W1 h«aii^ TOund, evm t^ ^^inal mass ceatii^ to be prcaaineait. For some mi- 
matm the^ mm m vitibk mov^ent, but afterward^ ly imperceptible de^ees the 
mm wm Sowly 3»]^1a:uted feom the sarfa(» in a aipite-sh*^^ ami mtber 
3s2 
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faraa, wMle tlie ^jod-yelk «Bd®rw6nt m ckmx^ of form (Fk^ XVIII. %, 72% 
Hoiie of pas^ oa to deaT^e, and all ultimately had ruptured iaaer mm, 

dasiafcea into a dark graatdar mass. 

feperimeat 6.^ — ^Forty minutes after impregnation tke last experimmit wm repeated, 
willi a stronger but otherwise similar carbonic-acid water. The were examined 
dir«jfly, and the yelk, which had been actively contracting, suddmily to move ; 

the sulci were effaced without travelling on, and under obsmwation the yelk^haHs be- 
came globular, in ten minutes the germinal disk being level with the surfiKje. About 
fifteen minutes later the germinal mass again projected above the surfa<^ of the ydk- 
ball, and the further fate of these eggs was the same as in those of experimmt §. 

Experiment 7 was the same as the last, using eggs 3^ 35™ after impregnation, at 
which time the first cleft was fully formed. They were not examined until four minutes 
after the action of the carbonic acid ; the germinal disk was then withdrawn into the 
yelk-ball in a singular manner (Plate XVIII. fig. 73). In ten minutes more it was pro- 
jecting again, but irregular iu form ; afterwards, by still slower steps, it was again flat- 
tened, but not drawn into the yelk-balL While this went on the cleavage masses un- 
derwent a gradual fusion, which commenced as early as thirty minutes after closlllg the 
cell ; and at length, 5^ 30™ after impregnation, the yelk-ball was globular and at rest 
{Plate XVin. fig. 74). By degrees the diffused germinal mass became darker and more 
granular, and eight hours after impregnation many of the eggs bad ruptured inner ^s, 
and the contents were changed to a darkly granular mass, which consisted chiefly of the 
decomposed formative yelk-substance, with some oil-drops and: granules (Plate XVIIl. 
fig. 75). All the changes of figure observed after the yelk has first effetced its sulcus, 
are imperceptible in progress. 

Experiment 8 was the same as the last, using eggs 45“ after impregnation, the 
germinal disk being then cleft into four masses. The eggs were examined at once, in 
order to trace the steps of the first retraction of the germinal disk into the yelk, this 
took place under observation until the yelk-baU exhibited no prominence on its surface. 

Plate XVin. %. 79, which shows the complete retraction, and figures 77, 78, which 
show the intermediate stages : fig. 76 is given as a normal standard.) I could not ascer- 
tain that any changes of form took place in the mass of the food-yelk, and the explana- 
tion of the withdrawal of the germinal mass into the food-yelk is at pre^nt not made 
out. During the next ten minutes, by invisible movements, the germinal disk became 
?^in prominent, tbe cleavage masses being irregular in form and wanting in ^rmmetry. 
Much more slowly after this, sinkii^ of the germinal disk began, and gradual fuMon of 
the cleavage masses ; so that five hours after impregnation, or 15“ after the actiion of 
the carbonic acid, some of tbe eggs had still prominent and irr^lar gsrannai di^, but 
all showed more or less fusion of the cleavage masses, and by hours after, fiiaon 
was complete. It was not, however, till eight hours after, that the germinal ma^ was 
quite reduced to the state diown in Plate XVIIl. %. 74. lAter stil, in nmny , bnt not 
in all the eggs, rupture of the inner sac and dark granular p^dpitation oecuixed. 
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Hie dow 3?e^otrasion of the germiiaal didk and coamiendng fuiion of the masses are 
diown in Plate X¥1IL %s. SO, 81 Sc 82, and the ultimate flattening mid fusion of the 
cleaTi^ mas^ in Plate XVIIL figs. 74 & 83. 

In order to compare the developing embryos with the developing early germs in their 
relations to oxygen in the surrounding medium, particularly with r^erence to the rela- 
tive need for oxygen shown by striated muscle and protoplasm during their contraction, 
I made the following additional experiments. 

Experiment 9. — One young stickleback, three days hatched, was put into a similar 
cell in tap-water and sealed ; 30*“ after, it was quite strong, and at 4** 30*" after, it 

could still swim about, although rather less vigorously. 

Experiment 10. — Two such young fishes were sealed in a similar cell, in some of the 
boiled distilled water before used. One of them was accidentally injured, it ceased to 
swim in a few minutes ; the gills became still first, and the heart, although it did not 
contract more than thirty minutes, last. The uninjured fish swam about for thirty 
minutes; by forty-five minutes it had turned on its back, by 30“ the gills and fins 
were still ; the circulation ceased in two hours, but the heart continued for 2^ 30®. 

Experiment 11. — The last experiment was repeated, using but one fish. In ten mi- 
nutes the gills and fins ceased to move, and the trunk to be sustained in its position, 
while in 1** 10® the heart was motionless, but the tissues were not opaque. 

Experiment 12 was the same as the last, using boiled water saturated with hydrogen, 
and taking care to choose a vigorous fish. In ten minutes the gills and fins ceased to 
move, the fish turned on its back, and after fifty-five minutes the heart alone was 
moving. 

Experiment 13 was the same as the above. In ten minutes the fish turned on its 
back, in twenty minutes the gills and fins ceased to move, in fifty-five minutes all move- 
ments had ceased, and the tissues were opalescent. 

Experiment 14 was an attempt to find chemical evidence of the presence of carbonic 
acid in the water in which eggs which had passed through the earlier stages of cleavage 
had been immersed; but although the observation was repeated no result was obtained, 
mid the details are therefore omitted. 

Although the preceding experiments were made upon such a small mass of material, 
and the methods of excluding oxygen from the surrounding medium were so imperfect, 
it may be inferred, without much risk of error, that the proportional demand for oxygen, 
of equ^ masses of organic matter, undergoing the changes of growth and development, 
is much less in the early germ than in the free embryo. Indeed the rhythmic proto- 
plasmic <xmtractions and the cleavage were, to all appearance, quite unchecked by water 
deprived of most of its oxygen. The movements of striated muscle, on the other hand, 
were shown to be very soon checked in water similarly deprived of its oxygen. 

Iliat the excess of oxygen does not hasten the cleavage, or promote or excite the 
protopkanic contractions, appears al^ a Intimate inference. 

Th^ mrbomc acid acts as a potent poison is clearly shown, and that it relaxes the con- 
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of tbo cfeavage mas^s into one formless mass. Ultamt^ it mem 

wm <iiange in 1^ 

The Trout 

In this fish the impregnated ova do not exhibit any visible oantme^oto of the jdk, 
althongh a breathing-chamber forms; the formative yelk concentrates at the germinal 
pole, €md its elements nndergo changes like those in Gcisterosteus, Cleavage did not 
take place in my experiments made in January 1855 untfl. the next day. Prior to the 
commencement of cleavage no distinction is Vinble between the impregnated and non- 
impr^nated eggs. I was struck with the great length of time which these unimpregnated 
^^s remained clear and unchanged in water : if the inner sac be not injured, it is at 
Imst twenty-three days ; while ova kept in moist air for the same period decoanpose, are 
foetid, alkaline, and coagulate when put into water less than a fresh ^g brokmi in water. 

The Bmffe. 

Impregnated of the ruffe exhibit slow changes of form of the yelk-ball without 
distinct oscillations. Cnimpre^ated in water form a breariiing-chamber, and show' 

rimiiar alight changes of form of the yelk. In four minutes the formative yelk gradually 
eoneentrates. 

The Perch 

Impregnated ova of perch undergo changes of form like those of the ruffe, and the 
^me may he said of imfecundated ova put into water. 

The Pike. 

JL The mquemee of imp'egmtwn. 

The^ wm are b^ter a^^pled for the examination of some points than mae 1h<^e 
Gasterosteus^ and their study has helped me to correct some eirors which I Ml into al 
fet. 

Impr^nated eggs Aow a comaBimcfing breathing-chaml^r and sH^ht ^haag^ in the 
htjpMas of the cortie^ after about a minute ; nnimpregnatod so® fhwilariy 
by watm: <mly. After twenty mimites the breate^-chOTil^ w^ mA 

lb© tormatl^ yelk cxmc®atat«i hrk) a welbdefin^ discus gc^coodn^vim m the 
i^gs, and the ferapen c®es in all reacts Ae mme. After hmm mad 

tweirty mmAm ^wnlra^cms b^m whh a slow flattenh^ ^ om sde ^ 
and a After -thi^e hoars and forty minutas dea^ge ^aa, tqp to 

iMs time no ffisriaetion was virible ^tween the impr^na^ed and the uxhttp^^^ed 
Pour hours ate d^cdrion in wator, in th^ late the diams wm Mtt 

Ibbufated. 
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*0^ €(^l£idi 0 ^ iBod o»iia&n5 xaetmUb wMc4 CKor in tlie &e ^dkle- 
hmk, bttt they are more frequoitly irregnlar ; thus the sulcus may be represented tyt a 
.«EaiiiB’ a tmj be a furrow paaallei to the etpmtur in eifchmr hen^ihmrey ^nd may 
tra^ towards either pole; m more rardy, it is a meridional one ; there aie 

tmo or thi^ present travelling over the surfece at the msm time. 

At fiiat the ydk*ball retains amy position which, it may have within the yelk-^, so 
tto,t its polar am may be verticsii, inclined, or horizontal, and the^ portions modify 
Ae direction and extent of the oscillation. Usually, about the time of tiie comnience- 
ment of cl^v^, the oil-drops teM in part to adhere to the germinal disic, and then the 
polar axis is always vertical. In this position it is easy to aee that the germinal pole in 
oscillating describes a very wide ellipse, and there is at the same time a partial rotation 
OB the polar axis ; but the oscillatious vary as much as the contractions. This general 
description applies equally to the impregnated and unimpregnated eggs. 

After seven hours, in the impregnated eggs the germinal disk was cleft into sixteen 
regular segments. 

At the same time the unimpregnated ones showed a remarkable and very interesting 
lobulation of the concentrated formative yelk, a sort of irregular asymmetrical cleavage. 
This lobulation or pseudo-cleavage continued to increase, and to become more and more 
irregular. After twenty-five hours it was noted that portions of the discus prohgems 
were pinched off and appeared either as projecting buds, or as detached masses in the 
breathing-chamber. (This tendency of the formative yelk material to pinch off portions 
of its substance, may explain the so-called “Eichtungsblaschen.”} Sometimes the whole 
mass of the concentrated formative yelk is pinched off, and lies free in the breathing- 
chamber, leaving a scar at the germinal pole of the yelk-ball, indicated by the collection 
of smaller oil-granules which do not separate with it, and by the ragged and radially 
puckered edges of the torn inner sac around. It is somewhat singular that, as a rule, 
from this scar no food-yelk escapes. Some hours later nearly all the unimpregnated 
eggs exhibited the separation of the discus proligerus, but no food-yelk had escaped. 
After fifty-seven hours some of them had their inner sacs ruptured, and a part of the 
fluid food-yelk had escaped into the breathing-chamber, but the diminished yelk-ball 
went on contracting as before. After seventy-four hours, decomposition having made 
(XJnsiderahle progress, the contractions were visible but feeble ; after ^hty-three hours 
they required the greatest c^re to see them at all. In other instances I found the^ 
moveffltettts continue for 10§ hours, prided some acid food-yeik still remain^ 
in the im^ sac. 

In an uaimpregnated twenty-five hours after it had been pressed from the 

eiMaped, on in a very distinet and firm state ; its madim was 

by ftee dote, having mrdb the appearance of imps^cms of iie imasae «jrfece nf 

yelk-^. I ^ajnined thk cardully for dlia, m cOmry motiom,^ i^«h haw 

a fosdble cff ti^ ^dllaticn. I nsod a power of wi^e^ 

fin&f mf* 
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'Oie ydk in Oiese breaks up ultimately iuto a formle^ dmk, graHuliar 

mas^ 

fecundated ^gs continued to, contract and oscillate idvidly dumif tbe progre^ 
of Ike cleavage, and often, where the sulcus was strongly marked, the sur&ce of the 
inner me was beautifully wrinkled, like a ripple upon water, iifty hours aftmr fecun- 
dation the contractions were more active than in the unfertilized which thmi were 
seen to have vibiiones upon them, appearing to be liable to decompodtion ©Miiea* than 
fertile eggs, and to suffer in consequence some, diminution of their contractility. The 
fertilized eggs, after fifty hours, have a germinal mass composed of polygonal cell-like 
corpuscles, on the surface of which I failed, with a power of X 250, to detect any trace 
of ciMary action. 

To ascertain, if possible, in what part of the yelk-ball the contractile property resided, 
I ruptured, by pressure, one which had been fecundated fifty hours, the contractions 
being at the time vigorous. 

An irregular shred of the inner sac was retained within the crushed yelk-sac, and a 
pouch of the former, filled with food-yelk, projected ftom the rupture in the latter. 
Very active contractions were seen hour afterwards in both of these, causing a to-and- 
firo movement, during which the pouch was alternately protruded and retracted from 
the opening iu the yelk-sac ; and the shred of inner sac, which had partial attachments, 
moved right and left, each time, seeming to alter its form somewhat : the rapidity of 
these motions was much greater than that seen in unbroken eggs. I counted on the 
dhred three contractions, each causing a right and left motion in one minute, and a 
point on this shred passed through 4 ^" in ten seconds. For six hours longer contrac- 
tions continued in this ruptured egg. 

The tom shred seen moving within the broken yelk-sac could scarcely have been other 
than a portion of inner sac, and it had precisely the same appearance, examined with 
X 260. At this stage of development of the germ there is no differentiation of parts, 
and no contractile property, and on its mass of cell-like corpuscles, as already stated, 
no cilia or ciHary movement could be found. 

It was found impossible to repeat this observation exactly, at least so far as regarded 
the happy accidental position of the torn shred of inner sac, although a number of 
attempts were made. However, I often found escaped and projecting pouches of the 
inner containing food-yelk, over the surface of which contractile wav^ pas^, 
with varying degrees of rapidity; and in one instance, while endeavouring to stain an 
unimpr^ated egg with an extremely weak ammoniacal solution of carmine, these 
waves were seen, an hour after it had been emshed, moving with condderahle velocity. 
The pouch of the inner sac was in this instance so large, as to contain tibe greater 
part of the food-yelk of the egg. The contractile waves had a certain rhytibm, but not 
a very r^ular one ; two or more waves sometimes coexisted, and as they traveE^ along 
they proceeded in the mne or opposite directions, and then if two met, a very deep 
anguk,r sulcus resulted, which showed a tendency to recur at the same s^t. One of 
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solci, wteh passed ne^lj hal^ay aa*oss the field of the microscope, equal in thk 
ease toabout was efface in forty seconda Three hours later the^ ccmtractions were 
rtiil ^ing on, hut nine hours after rupture of the egg they had cea^. During their 
CQaMnuan^ there was a gradual emptying of the fluid food-yelk and shrinking of the 
mner sac. 

So long as in impr^imted ova any portion of the food-yelk remains uncovered by the 
gradually advancing germinal mass, its surface is constantly moving, and the waves of 
contraction are seen to pass beyond the margin of the germ, and under it, to the centred 
fi>od-yelk. Seventy-four hours after fecundation there remains but a small area at the 
ventral pole uncovered by the advancing germ. But long after the whole of the yelk 
is covered by the germ, at least as late as the ninth day after impregnation, slow 
rhythmic contractions of the contained food-yelk are visible, producing alternate depres- 
sions of the lateral poles of the abdominal r^on, and consequent oscillations of the 
embryo, which have been described by Reicheet*. 

On the tenth day some of these eggs were hatched. I could not see any contractions 
in the food-yelk of free embryos, but the search was not very carefully made. 

In the pike, as in the stickleback, eggs which have been allowed to remain in the 
dead parent for a certain time cannot be fertilized, even when they have undergone no 
discoverable change of structure. In the pike, after seven hours, the capacity of being 
impregnated was lost ; but then a physical change had occurred, for water no longer 
passed through the yelk-sac to form a breathing-chamber. 

On the whole, I think it may be said that the inner sac is essentiaUy connected with 
the exercise of this contractile property. It is difficult to ascribe contractility, at least 
of this rhythmic kind, to a substance so fluid as the food-yelk, in which minute monads 
<^n swim about freely, and in which, when escaped or escaping, I never saw the slightest 
evidence of contractility. On the other hand, except the single observation above 
related, of a retained shred of inner sac in a crushed egg, I have no satisfactory evidence 
that the inner sac alone is capable of contracting ; and that instance may possibly have 
been fallacious, for the closely connected pouch of the inner sac filled with food-yelk, 
might at each of its contractions have pulled at and moved the shred. The persistence 
of the movements of the food-yelk contained in the embryo, when one beai’s in mind 
that the inner sac is folded in during cleavage, and might therefore fairly be expected 
to be Used up in the gradual extension of the germ over the yelk, would seem to give 
support to the notion held by REiCHEBTf, that the substance of the food-yelk is the con- 
teadiile matter. But it may be replied that the inner sac may possibly be retained on 
the surface of the contained food-yelk in the abdomen of the embryo, and to this view I 
iimtine. But while it appears probable that the contractile propeity resides in the inner 
I am disposed to think that the presence on its inner surface of some of its acid yelk 
is aa ^a^tial rxmdition of its action. 

■^ * ** Bot des HeeMdea, — dae kontwitile Sutetan*,’’ Archiv, 186^, p. 46. 

t Mtotaa»’s Awhiv, he, dt. 
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of f<H®aative ydk, at test wii^ it m coE^^d into a dwsm ptdi- 
§&tm m ai^^ears to pos^ss Oio <xJiitracdlity ia a ^gree (it 

Ee that ^IMity is a hindraace to its manifestation). Certamly , as the 

wmm Iwward to become lost at the geramml pole, the foinn whwdb 

the di^ assumes (Plate XVI. fig. 39) is best explained on this assumption; mad if, as I 
conmve, the substance of the inner sac is thicker at the germinal pole, so as to em- 
the whole of the discus, the production of that shape is msf to \m undm^toai. 

But the formative yelk possesses also another different contractile property, by whicb, 
when act«i on by water or the maternal fluids, it tends to subdivide itsdf into waller 
masses. This property it ^ems to be the function of the male element to r^ulate. 

2. Conditions of the yelk contractions and of cleavage. 

Pike ova being obtainable in greater numbers than those of the stickleback, and Iming 
in some other respects better adapted for experiment, the inquiry into the modifying and 
essential conditions of protoplasmic movements was continued with them. 

a. Poisons. — Morphia. A solution of the acetate of morphia of 2 grs. to 60 grs. of 
water, which had a slight excess of acetic acid, was added in small proportion to the 
water of a ceE containing several ova, vividly contracting, thirty-six hours after impreg- 
nation. In less than a minute they ceased to move, the yelk-ball became round, no 
rupture of the inner sac took place. On repeating this experiment, after adding carbo- 
nate of potash in 8i%ht excess to the solution of acetate of morphia, the movements 
g^ain seemed to cease, the yelk-ball became round in less than a minute. But a source 
d feJlacy always exists iu these observations, viz. that normally the yelk tends to 
become round and remain at rest for a variable but brief space of time after each wave 
has passed- Half an hour later contractions were visible. 

Acetic add . — ^The above result being somewhat doubtful, a few drops of a solution 
of one drop of strong acetic acid, in sixty of water, were added to a cell containing several 
actively contracting eggs. At once an arrest of the movements took place, but the yelk- 
ball, instead of becoming round, which is the position of relaxation, remained for some 
minutes marked by the sulcus, which at the moment existed ; but afterwards the move- 
ments began ^ain, the sulci were remarkably deep and irregular, and travelW very 
slowly. A little more of the acetic acid solution being added no effect app^red at fir^ 
but in two hours, thr^ e^s out of five had become opaque by coagulation of the food- 
yelk, the two ova which remained clear being motionle^ and globular. 

Acetaie of potash , — ^A weak, faintiy alkaline, solution of acetate of p<^ash was thmi 
added to a cell containing some freely contracting. Soon the yelk-ball 
round, the fonuative yelk changed in structure, became fiimer, more opfcque, and pro- 
jected from ite suHace little rounded masses. After two hours the flx^-yelk was stiM 
slowly contracting. Thus a solution of a strength which dremii^y drains mBumimk 
the formative yelk-matter, does not arrest the contractions, altho^t it insd^ 
them. 
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rfcpmm . — On sddiiig two or teee drops of ^bctore of opium to a cell em- 
Ota, titidly conteactiag, the motemmits seemed to €&m for a time, hut the 
TOfcus remained. In about three minutes the movements reappeared and continued fm: 
h$M an kjur, after which awire tincture of opium was added, and stiE the conhactions 
wm*e found going on with moderate vigour an hour later. 

^pmt of wm. — few drops of spirit of wine added to a cell containing freely con- 
tracting ova, either did not affect the contractions and oscillations at all, or slightly 
quickened them. 

Tmctwre of eanthmides acts much the same as spirit of wine does ; aftar twelve hours 
eggs treated with it were developing normally. 

SohuMon of potash, — very minute drop of Liquor Potassse, L. P., was mixed with 
tile water of a ceU containing ^veral freely contracting ova. The inner ^c at oni^ 
biu^, its contents escaped into the cavity of the egg, and it was soon crumpled into a 
distmctiy membranous bag, still marked by the ripples due to the previous contractions. 
No further contractile waves appear©!, nor did it dissolve. After a very few minutes 
the yelk-sac burst, the solution having been too strong. 

Strychnia. — A neutral solution of acetate of strychnia, 2 grs. to 480 grs. of water, was 
added, in small amount, to a cell containing vigorously contracting ova. No visible change 
appeared in the movements, and after twelve hours the eggs were normally developing. 
More strychnia was then added, but no result followed. 

Aconite, — A solution of 6 grs. of extract of aconite in 60 minims of spirit of wine 
was added, by drops, to a cell containing freely moving ova, but no effect was observed, 
except perhaps a slight acceleration of the movements 

Hydrocyanic add. — K few drops of dilute hydrocyanic acid (2 per cent.) added to the 
water in which ova were actively contracting, produced no effect in a quarter of an 
hour, during which time I watched. 

In each of these experiments there were some unimpregnated eggs pre^nt, easily 
recogniized by their irregular, often detached, proligerous disks. In no case was theie 
any difference observable between them and the fertilized ones as to the action of the 
poisonous agents. 

Hydroehhra^ of wmphm. — ^Two drops of a strong spirituous solution of hydrochlo- 
rate of morphia were added to some unimpr^nated ova, which had beran deposited nine 
hours, and were rapidly contracting and oscillating. No effect following, four drops 
more were added witi^out result ; again four drops were added, and during a quarter 
of an hour no result was observed ; tweh^e hours later they were ah opaque. 

Ckrormc add. — ^Eight days after imprecation, a healthy developing embryo was let 
cmt of the yelk-sac into a weak solution of chloride of scjdium mid chromic acid, and 
©intractions at the lateml poles, mentioned by RuiCHEM', were seen to go on appa^- 
in^tiy unchedked. 

— Contractkas of the yelk oontinne in eggs pl^ed in a vmj weak ammo- 
SilutioD of cacraaitm ; and even whmi tiie egg is ruptured, amd the jmner 
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e^pes mto tWs solution, liiey go on, pronged the ini^ is too mmk 
A 2 <^t. solntioB is too strong, it cau^ prtaapt mptnre of Oie ai»r hut Ams 

not d^^hre it. 

Mker. — Unimpregnated ova, thirty hours after deposition, while fi^ly eoatmetiog, 
put into a watch glass, with only enough water to moisten them, and c^iJpo^d to the 
vapour of eftier under a small bell-glass, exhibited no diminution of movmnents, 
although slight opacity of the ^s was produced. SimOar e^s treated witij an ^n^ms 
solution of ether, became opaque, and exactly in the same ratio the movements teofflK 
slower, and ultimately ceased. The opacity preceded any visible diminution of ftie 
movement. 

Chloroform. — Some chloroform in vapour was applied 144 hours after impregnation, 
at which time the heart is seen beating, the muscles of the trunk acting, and the yelk 
stiE contracting at the lateral abdominal poles. The first effect was to exdte writhing 
movements in all the embryos, but in five minutes the muscles of the trunk mid the 
heart had ceased to move, and the contractions of the yelk were arrested, the sulcus 
remaining uneffaced. Five minutes later the embryos began to recover, the yelk-con- 
tractions moved on slowly, and after adding fresh water the heart began to beat feebly ; 
but the trunk could not be seen to move in any of the embryos for half an hour in spite 
of free addition of water. After hours the trunk moved freely, the heart beat regu- 
larly, and the yelk contracted vigorously. 

As the general result of these observations, and those of a similar kind made on the 
ova of the Gasterosteus., it may be stated that the rhythmic contractility of the yelk is 
not materially influenced by any of the poisons used, which did not act chemically, with 
the exception of chloroform and of carbonic acid, It is true that acetate of morphia 
appeared in some experiments to arrest the movements, but the results were not con- 
firmed by the later observations recorded with other solutions of morphia, and never were 
free from certain fallacies which have been mentioned. Whether alcohol or cantharides 
quicken these movements or not must also remain in some doubt, as the results obtained 
were not sufficiently marked to justify a positive assertion, and some fallacy might exist 
due to the currents which occur during the mixture of spirit with water. 

b. Galmnwm. — ^The effects of the application of galvanic currents to the^ are 
like those already mentioned, as seen in the ova of Gasterosteus. 

c. Heat . — nine hours after fecundation, when they are cleaving and actively 
contracting, wanned on the st^e of the microscope to about 80“ F., became still, or 
nearly jk>, and the oil-drops were a little displaced. At the tempemtnre of the room 
(58® F.) they did not soon recover, but ultimately they cleft, although irregularly. l%gs 
at the same s^e, gently vmrmed to about 70“ F., moved much more quickly; tm 
cooM to about 40“ F. the contractions ceased entirdiy; warmed again, the vi:^ move- 
ments returned, codi^ a^in, they cea^d : left at 60“ F. until the next day, the impjpe^ 
nated ova were ^en di^ving, the barren ones contracting, their proligemus disM bmng 

in these expednmnts the twperature sta^ is oMy appK^tiBBaittive, as a 
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m ttie rtage of the microscope does aot duly register the temperature of #ke 
€^8 la the 

d. Owggm , — ^The experiments made with the impregnated ^gs of the stickleback 
hmmg finW to show in a satisfactory manner to what extent the contractions of the 
imd the cleavage are dependent upon the presence of oxygen in the surrounding 
medium, I attempted to ascertain this by employing a larger number of ova of the pike, 
which, as they exhibit the contractions of the protoplasm irrespective of impr^nation, 
make it easier to separate experimentally the conditions of the cleavage from those of 
the yelk cxjntractions ; and as they are free from any appreciable amount of maternal 
^secretion, are more suitable for prosecuting the inquiry whether any and what product 
of oxidation passes into the surrounding medium, during the movements of the proto- 
plasm, or the development of the germ. 

In these experiments I divided the spinal cord of the parent fishes, without injuring 
the bodies of the vertebrae, just behind the edge of the gUl-covers, and then wrapped 
them in a cloth which was kept wet, by which means they continued to live and breathe 
for some hours, and could be easily manipulated. 

Having previously prepared a curved glass tube of about 2 in length, tapered at one 
end so as to leave an aperture of about to in diameter, to which was fixed an 
elastic thread for securing it when in position, I filled the tube when warm with pure 
olive-oil and closed both ends with hot tallow, excluding air-bubbles. By this arrange- 
ment I was able to pass ova direct from the body of the parent into any fluid, without 
previous contact with air, or any air containing liquid. 

Being imable to obtain water absolutely freed from dissolved oxygen, I prepared 
several small beakers of distilled water in which were fragments of broken glass, by 
prolonged boiling, until the bumping became so violent that they were in great danger 
of being broken (indeed two or three were thus broken), and then poured pure oliv^ 
oil upon the water whilst boiling to a depth of f " to 1'^ and left them to cool. In this 
way I hoped to have water sufficiently freed from dissolved oxygen, for the purposes 
required, and in a state in which it could not support respiration. 

'Hius prepared, I attempted a first series of experiments on April 5th, 1866, to ascer- 
tain whether the rhythmic contractions of the yelk persisted in water deprived, as above 
described, of its di^lved oxygen ; and at the same time whether the slower protoplas- 
mic contractions which cleave the germinal disk persisted under similar conditions. As, 
kowever, it was ascertained that some dissolved oxygen still existed in the water, I soi^ht 
to obvmte this difficulty by reputing the experiments with vaiying proportions of water 
to ova: because if oxyg^ be up during these movements they must cease sooner 
^en the proportion of ova to wato: is greater. 

l.used vmter in tha t it might be afterwards tested for any product such 

m ourbonic acid. 

Omsfrol expadmait 1. — ^For the ^e of having a standard of comparisom, 1 put into 
s mrdimoy dis^^ wal^ some ummpregnated e^s in tke proportion of one 



m 


m.w.n, m Tm oimt ot 


<rf 4mk <rf w%t&t m^oa^ coT^riag iiie sb^mb wWi oiL Ai^ 

iwmrs tite liiyAmic cmtsmtiom of the yelk were Tigoroug, ^e lormati’m y^ m& 
mSi ^fcea detached ia part or wholly. After ifty-thr^ hotiis ^y wa^ otm- 
torfag fteely, sereial inner sacs ruptured. After seyaxty-two hown of iiaier 
sam were Imr^, and the yelks were more or less opake, and bo ware 

ia tho^ lew in wMch the inner sac was not raptured. The water was opaies^l 

IW temrs after, the water did not {nedpitate baryta-water, the brok«i 
Mae liteaus. Seyeral of these eggs, from the deeper layers in the yessdi, hi^ b<^ |tto- 
p®rly imbibed water ; indeed the very lowest, fifty-three hours after, 1^ the app^uum^ 
df e^s freshly expressed from the fish, being still adhesive ; they couW not th®a be 
to absorb water freely as fresh eggs do. 

Ccmtrol experiment 1'. — fecundated ova successftdly in ordinary dis^iM w^^, 
ojvmed with oil, by dropping in a fragment of ripe testia Many of them ddft, but the 
water soon b^ame turbid; and fifty-three hours after, many of them had opaque g^mindl 
msmea ; seventy-two hours after, all were opaque, decomposition being evidently &vo«r^ 
by the presence of the fragment of testis. 

Control experiment 2. — fertilized some spawn in the usual way in tap-water ccmtained 
in a didi, and dianged the water daily. Not all of these ova were impr^imted, but the 
fecundated and non-fecundated were seen rhythmically contracting with equal vigour 
twenty-five hours after, when the former were in the mulberry stage of cleavage. At 
fifty-seven hours, at seveuty-five hours, and 100 hours after, the same conteactions were 
semi in aU the unimpregnated eggs, of which the inner sac yet contained some yelk, 
and in the impr^^iated ones in that part of frie food-yelk still uncovered by the 
advanmng germinal mass. The unimpregnated ova were all still the next day. The 
fertile eggs were hatched from the 16th to the 18th of April, that is, after eleven to 
thirteen ^ys. 

Eaqieriment a . — ^The fish being secured on a mised shelf^ and the beakers oa supports 
imar, I passed tlie tube filled with oil into the sexual aperture, and held it in p<mti<m 
by mmms of the elastic thie^^. Then by gentle pressure upon the ab^[uumt the ova 
were made to pass into the tube until they had displaced the oil, the lower mid being 
closed by a drop of oil. Unim|Hregnatmi om were then passed through the tube, 
into one of the beakers, in the proporti<m of about one part of ova to ten of 
so th^ the tube dipping below the layer of oil, the eggs were scarcely, if ^ all, gimsad. 
After twenty-i^en hours their yelks wmre contracting and oscdlate^ freely ; tlm ^eus 
prol%mis wns concentrate and had become irr^ukrly lobular, and dfteu 4etmAe in 
fragments, or as a whole ; the detadie ma^es being granular and c^^ue. The food-^k 
was clear. The upper layers of the e^s the beaker, however, ali»e ^^hite 
TOvemmits distincfty, the lower on^ not having imbibe enough water to drily ^&tee 
them ; hence they were not clear on the general surface, and had not a welksoi^^fr^e 
toeus proMgerus, At teds time the (^otiactions of the in the mppmr wmm m 
sfa^ng as in oinfrol experiment 1, After fcaty-nine hours the lower htyms <d 
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4isteniei with water, ctaitnwct^ i4owiy, lesembiiE^ eg^ three ot fo^ 
alter impregnation while ihe hrcathing-chmber m fonniijg. The egg& of the 
layers CKjntmcted vigorondy, mi4 quite as much ^ as those of the control 
mq^meat 1. Nearly aE h^ their prol%erous disks entirely separated and Iwroken into 
The intennetote layers of ova in the be^er exhibited the formative yelk con- 
^aiteated, but not at all lobidated ; from which it would seem that the tendency of the 
4i^ms proli^rus to lobulate, and to be pinch^ off in portions or as a whole, like the 
rhythmic eonteactions, depends on a free supply of water as one of its conditions. The 
^me may be md of the concentration of the granules of the formative yelk, and I think 
al«> of the tendency of the inner sac to rupture. Seventy-two hours after, the contrac- 
tions were as vigorous as ever in the clear yelk-balls of the upper layers of eggs ; the 
discus proligerus was entirely detached in all. 100 hours after, contractions had ceased, 
the watm* had a very faintly milky aspect, and the eggs were opaque. Three days later 
the water drawn off was not foetid, it reacted faintly acid, and gave a slight precipitate 
with baryta-water. 

Experiment b . — The last experiment was repeated, with one part of unimpregnated 
ova to about three parts of water. The contractions were observed twenty-seven, forty- 
nine, and seventy-two hours afterwards, and found to be as vigorous as those in experi- 
ment a, or in the control experiment 1. They were seen only in the eggs of the surfetce 
layers, which alone had imbibed water freely. 100 hours after, and three days later still, 
they resembled experiment a. The fact that water was not absorbed freely, except by the 
upper layers of these eggs, deprived the experiment of a pm*t of its value, as the propor- 
tion of actively contracting eggs to the water had no definite relation to the numbers 
used, and could not be determined. 

Experiment c. — ^The. experiment was repeated, using equal parts of unimpregnated 
eggs and of water. At twenty-seven, fifty, and seventy-six hours after, the rhythmic 
contractions of the yelk were as vivid as in experiment a or in control experiment 1 ; 
but the discus proligerus was less lobular, and not so often detached. 104 hours after, 
all the eggs were opaque. 

In this experiment mechanical disturbance was employed at first, to ensure a nearly 
equal action of water on all the eggs, but they were not quite fully distend^, although 
nearly all the water was takmi up ; from which we may conclude that normally the eggs 
imbibe about their own bnlk of water. 

Experiment d . — ^The same as the above, using two parts of imimpr^pated ova to one 
of water. Tery few eggs of this experiment imbibed water, and those did so imjmr- 
fectly. The rhythmic contractioiis were feeble, the formative yelk scarcely lobnlated 
at aU. The low^t htyers did not ’risibly ab|orb any water, ^ace tiieir indentations, or 
i^mmtmte the fonnative yelk in the s%htest degree. At 104 hours after, they were 
f^i^ue. 

&pmi^its m&e then attempted to be made in a simihtr manner wiJ^ imp^ated 
eggS) te a tifibe into the mate &h, I pamed a pteoe of iMis 
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Ike oil cm to &e e^s, dke^ly Imd io^c^bM^ telo ^ 

-b^Amr m to way dmjiibed. 

s'. — tised one part ova to ten parts of wat®*, bnt to to 

toe toW, perhaps ftom to action of to oil upon to testis. 

Ex^iments h\ e', and , made with varying proportions of ova to w&to, &iled, 
appffentiy from a toilar cause. The resnlte only served to mninn thcw obtained from 
to e:i^rimmits npcm nnimpr^;nated eggs, as to the long duration of the rhytoaic owi- 
tracticms. 

I ton sm^ht to ascertain the comparative duration of the^ movements in aim^ 
distilled water, with a layer of oil on its surface, employing varying proportions of 
to water; but as in all these experiments the proportion of e^s which, being defended 
by the superincumbent layers, did not freely imbibe water was large and variable, to 
results obtained lost much of their value. I will mention, however, that the supematont 
water, after 100 hours, did not precipitate baryta-water more freely than that from 
the experiment a, and had the same very faintly acid reaction. 

These results not being conclusive, partly because of the difficulty of properly watching 
with the higher powers contractions going on in the eggs contained in beakers, partly 
on account of the eggs not being all equally acted on by water, partly in consequence of 
the failure to fecundate through a layer of oil, I obtained a further supply of ripe male 
and female pike, and on April 12th and 13th made a second series of observations, using 
glass cells having a depth of and a cubic capacity of about *05". In these experi- 
ments I sought to ascertain, by varying the proportions of eggs to water, air being 
excluded, whether the duration of the rhythmic contractions of the yelk, or their 
vivacity and the activity of the cleavage, were inversely as the number of eggs. 

Control experiment 3. — For purposes of comparison, unimpregnated ova were passed 
from the female fish into ordinary distilled water in a wide beaker, so that they formed 
only one layer on the bottom. Four hours after, they were contracting freely, and the 
discus proligerus was concentrated, but smooth on its surface. Twelve hours after, it vms 
in some lobulated, and in many detached, wholly or in part. Twenty-five hours after, 
they were vigorously contracting and osdllatiag ; in nearly all the discus proligerus was 
detached, and in many of these its substance was fused, so as to run like a stream of lava ; 
in a majority the inner sac was raptured and more or less emptied. Thirty-five hmirs 
after, in all the discus was detached and diffused, but where the inner was not rup- 
tured, or ruptured and only partly emptied, the yelk was actively contractu^ and rotating. 
Forty-eight hours after, the water, which had not been changed, was f^tly milky, of a 
neutral reaction, and did not predpitate baryta-water : filtered and coacentmted, it was 
alkaline, was prMjipitated by baryta-water, and the flocculent precipitate was only in |»rt 
dissolved by hydrochloric add ; dri^ and strongly heated, it charred, and g^ve fumes 
having the smell of burning hair, and it left an alkaline ash which did not ^fevesce wi& 
dOute hydrochloric add. In this <^se tore must have been a trrnisudatto ^ane 
ofgto; ^bstan^, whl^ probably vims Mmited to to irith ruptured tom* mm. 
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- last esEp^gamt was repeated witH ^gs wMch Had 

ioip«^a^ ia tbe usual my. Ordinary distiUed water was used, care being tekai to 
widb amy att adbering semiual fluid. Twelve hours after, they w^e cx)ntra€5ting freely, 
ttie germinal dyk was deft into a coarse mulberry msm. Twenty-six hours*aAer, the 
ccmteaetems were rapd, the germinal disk a fine mulberry mass: a few eggs were 
epaqae. Thirty-4ve hours after, they were contracting fredy, and the germinal mass 
mvm‘ed n(^ly half the yelk. Forty-eight hours after, they were contracting as before, 
and the germinal mass covered nearly three-fourths of the yelk. The water, which had 
not been cbang^ was faintly milky, neutral in its reaction, did not precipitate baryta- 
water : on concentration it remained neutral, and contained faint traces of a phosphate. 
In tMs instance also the presence of several opaque eggs with ruptured inner sacs makes 
the examination of the water for products of respiration unsatisfectory. 

Control experiment 4. — I fertilized in the usual way a number of eggs in a large dish 
in tap-water, which was changed daily; and as there were some eggs in which the 
impregnation had failed to take place, they could be compared with the control experi- 
ment 3, to ascertain whether distilled water modified the contractions and development 
of the germ. During the first forty-eight hours no difference was observed when they 
were compared with control experiments 3 and 3'. 

Experiment e . — placed thirty-five unimpregnated eggs, fresh from the pike, in one 
of the above-described cells, taking care that all were well bathed with distilled water, 
and I sealed the cover quickly with hot wax. Eour hours after, they were contracting 
fteely, but with a smooth discus prohgerus. Twelve hours after, contracting as before, 
they show^ed less lobulation of the discus proHgerus and rarer separation of it than did the 
eggs in control experiment 3. Twenty-six hours after, they were moving freely, but 
less so than those in control experiment 3. Unfortimately, however, the luting had 
got loose, and an air-bubble had entered. Thirty hours after, the contractions had 
ceased ; and the yelk-bail was round, except in those eggs near the air-bubble, which 
were still contracting well. Fifty-three hours after, all were motionless. 

Experiment f was the same as the above, with only eighteen eggs in the cell. A 
small air-bubble got in, but the yelks ceased to contract in thirty-five hours. Those 
nearest to the air-bubble continued to lubve the longest, and became still ultimately by 
rupture of the inner sac, which explains their early cessation. 

Experiment g was the same as the above, with but nine eg^ in the cell. At twenty- 
six hours after, greater vivacity of the yelk-contractions and more lobulation, and sepa- 
rafron of the discus proligerus were ob^rved than in the eggs of experiment e at the 
same time. After thirty-five hours they were stiU contracting. After fifty-three hours 
they had (teased to move. Into this ceH^also a very minute air-bubble found its 
way. 

> Experiment h was the same as the above, but with thirty (^gs in the cell, tallow 
hmng used inst^d of wax to i^al the cover. Twelve hours after, they rotated 1^ freely 
thaw fihe (tentroTova to whhdi they belonged, t Twenty-three hours after, they had all 
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ma^ imm-^m^ dl mm tibe ydb^di wm mmA, ^ mm me^ 

d^wii^lrai te luni 

/ mm -tiie same as the abo^ mth eetly mmm ^ od^ 

bum tbe w&e eoEtmcti^ freely, tm^ resmblai tbe 
Itetteiawlk litw^ty-tliree hcHirstl^BaeTOTesftts 

iKnm c^trac^cms were terdiy risiUb. 1st this iAxm wm 

MlUb. 

JEsperim^ ^ mm the same as experiimat e, with forty-e%ht m 

Ae €»H, After fomr homrs tlm genmmJ mm was cleft iato two ox &sr^ After tx^tm 
tom it was cleft iate> eight or axteen mmes, the control experiiB€®t & tong at the 
imme time in the come mulberry stage, caataining himdreds of deai^i^ Tto 

germinal mm was flat and mftier diftod, and the ontliims of the separate cteafu^ 
mmes indistinct, as if they were about to coaler. The ^gs loofeed grannlm^, 

geriBdto ma^ The yelk-ball went on contracting, however, although not m 
strongly as in experimsEit e. After tweaty-tibr^ hours the deavage had not progrmed, 
the ydk-bafl ccmtinued to contract in a few ^gs with still farther impaired vigmir; but 
in most eggs it was round and still. After twenty-six hcmrs all were motionless, and the 
yelk-bail so retoto as nearly to fill the yelk«^c. The^ appearances remitoed me of 
those which r^alted firom the action of carbonic-acid water on lire eggs of the stickle- 
back. into this cell a little air entered. 

Experimait/' was the same as the last, with seventeen only in the cell Aft^r 
twelve hours they were in a <mr^ mulberry stage of cteavage, being, however, less 
advanced thmi the control ova, but more tton ftiose of experiment ^ ; tbe yelks were 
contracting freely. Twenty-three hours after, they were in a finer mulberry stage, and 
ware well atmfracting. Thirty-five hours after, the germinal mass had become drffu^ 
and darkly gramtlar, but the contractions of the yelk continued. Fifty-three hours 
after, all were motiimle^ There was an air-bubble in the celL 

Experiment / wm the saam as the last, with only ten eggs in Ihe £^tt : air-bubbles 
entmied , Tweaity4hiee hours after, the cleavage was further advm«!ed than m 

e^^ment but not so &r ^ in the control experiment 3 ; the yelks ^ntracto 
freely, however. Thirty-five hemrs aftmr, they had dark, granule, g^mnnal immm 
mA cmtr^ted dowiy. Aft©* fifty-three hours all were stiD. 

Exf^rimeat h' was the saa^ as the tot, with thirty-eight ^gs In tto tol, and Mkw 
employ^ iiy^^ of wax m a After twelve hours Aey we^ in aght, fte 

^av^e 11^8^ wem dark, gmtoar, and almc^ fui^ togdtor; tito 
Imw&mty were ditoaacti After tip©ily-^ree hours tiie dteavige had not ibe 

contractions were languid. After ^mty-nine hours the cleavage ma^s were faite 
ftt^d, the had ceas^ tto ydk-ball mm roimi, toax^ In 

tibis ceU ti^te wca^ m® to-biib^to. 

l^^rii^ufe/^Tto. wm m to- tove, wiftt oiiy Ato* 
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wto Mm udteay 1^ itot thdr omt^ol m^: 

Ite wei» After tw^^^toe hc^tibe wasin ^ Am 

mu^&mj Aftrar tspm^-^iijaeitsiffis uofiHther pr<^^i®^'^mi4e in the dea^t^ 

C«Mi3m% with Itee m£o^i&ve ex^ia^te, as msf be termed, I faied to 
ascertain whether ^y, and what respiratory products could be detected ia the sai- 
mmdiog m^mn, and 1 nomidm’ed sepaisdely impregnated and unimpr^mUed oye, 
with the Yiew <rf coH^armg the rhythmm contraction with the movements of clmvage, 

Expmment I placed unimpregnated ova, firesh from the fish, in a hAe with two 
parte of d^iH^ irote, agitating to ensure that all were well exposed to the water. 
The contaractions continned for forty-eight hours, although latterly with less vigour ihm 
in the coniarol i^gs. The water, which was then clear, and neutral when filtered, gave 
no precipitate with barytarwater, was not coagulated by boding or by alcohol, but was 
by protonitrate of mercury. 

Experiment I was the same as the above, with one part of eg^ to five of dMIled 
water ; the results after forty-e^ht boui-s were the same. 

Experiment Ic^ was similar to the la^, but made with impi^gnated eg^ in the ratio cd 
one to f<mr of wate*, the semen being washed away as quick as possible. Development 
was arre^^ b^ore’the germinal mass had extended over one-third of the yelk. After 
fifty hours all ware still. The water, which was not quite bright even when filtered, 
was neutral or faintly acid in its reaction, was not precipitate by baryta-water, was 
ooagulate by heat and nitric acid and by alcohol, more fieely precipitated by proto- 
nitrate of mercury. Probably in this experimmit an egg may have been ruptured while 
intrenciug it into the tube. 

Experiment ? was the same as the above, with one part of ova to eight of w^&:. 
Fifty hours after, all were stall. The water when filtered was dear, the reactions were 
Mm same as those in experimmit except that it was not coagulated by heat mid nfiteic 
add, or by alcohol ; so that rtie albumen must have bemi accidmital in if. 

Experimmit m. — As the number of ova n^d in experiment i was small, I re^di^ 
it in a flask, in which about half an ounce of spawn was pat into two oim^ of dkdH^ 
water, A^tation w^ kept up fi>r a time to ^sure that all the eg^ were duly exposed 
to the water. After twenly^ght hours they were contmctirg iiedy. No raptured 
eggs were seen among them. The water was bright; it was filtered and evaluated; tlm 
o^<^teted li^d mm fidnriy alkaline, die dry residue lesemM^ a^um, ecmtain^ 
■mo. cdhnd, mot ahmmm, with alkaline phosphates, ddmrides ami sd^ates; 

eddd^ d* rarhcmm a^ vms fi^n A The mrganic smteer was not fiirther 
. mm &e msm m the above with om. Aft^ thir^ h^nas, 

all mowm^s and cteavage tere teing hut 

i^iqae em m the fladk, the water wm filtered quite ld%ht^ and evapo^^d. The 
Mm mam ^^experimmt m. 

In <»d^ to perph; a the consumptitm of ox^a ha froto|4t^c mwe- 

3u2 
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wMi wMsh tdkes in ceU^^l^po^t iix»l fmd m ib6 

ma^ailiBr wmWBmntM of the embryo, a tibird ^ries of oteai^irtioiig was <m mme 
alwiTOi om of the pike, and on recaatly halihed ^^ryos, M thk 

I anploy^ the mme ceEs, and using the same bulk of or^ie wmUm ctf.the ^ae kin4 
in dffierent grad^ of development, I observed how the duration erf tiie dMfeent actiivi- 
ti^ 

B^periment n . — ^Two h^thy developing ova were put into a in watrar, Mwi ^aled 

udth hot tallow, seventy-six hours after impr^nation, when the yelk-oontmoticm® were 
very vigorous, and no muscular movements of the trunk or contractions of the heart 
could be seen. Seven hours after, but little progress in the development was seen ; the 
yelk-contractions were vigorous. Eighteen bonus after, no further development, and no 
yelk-contractions were seen : the embryonic tissues were not opaque. Forty-eight hours 
after, the tissues were somewhat opaque, and the germs of the vertebree were partially 
ftased together. 

Experiment o was similar to the above, using two eggs 101 hours after impregnation, 
when the yelk-contractions .were vigorous, but no heating of the heart or movements of 
the trunk were seen. Seven and a half hours after, the contractions were viable, but 
somewhat reduced in vigour ; a barely recognizable progress in the development had 
occurred. Eighteen hours after, no further progress had been made in the development 
of the organs, and all motion had ceased. The ova were much behind the control eggs, 
and the tissues were still clear. 

Experiment p was similar to the above, using two healthy ^gs 127 hours after im- 
jar^nation, wheu the yelk-contractions were distinct. The germ of the heart was visible 
hut was not seen to move, the trunk struggled rarely and fitfully. After 13J hours all 
mnvem^t had ceased. 

Experiment q was similar to the above, using two eggs 160 hours after impr^ation, 
when the yelfc-coniractions were vigorous, the heart was beating regularly, and the 
trunk frequently moving; a few circulating corpuscles were seen. After 6^ hours the 
heart was still, the trunk was not seen to struggle, nor could I by using the micrometer 
tibread detect any yelk-contractions. 

Experiment r was amilar to the above, using two healthy eggs 174 hours after im- 
pr^nation, when the heart was acting vigorously, the stream of blood wm sem entOTig 
the auricular opening, the trunk often moved, and the yelk contractiois were wdfi i^en. 
Aftor 7f hours the movement had cea^ in one egg, in the heart, trmik, cmd yelk. In the 
other the heart was moving slowly, and f^ble trunk-movements were sem, hut no yelk- 
conteactions. In this ^ the hemrt was irregularly and slowly acting after hours. 
After eightemi hours all was stilL Tim discrepancy which tibk result dbows m com- 
pared witib expmment is explain^ by the feet thece were ^eral dc^rfi^ m &e 
dhhes from which the eggs were taken, and some pararitic growth on the y^fe*®cs, 
wMch I neglected to wadi off in the case of experiment f, but (wAily tojm 

experiment r, in which iasteace I ako imleeted the e^ xmdm: a leas. 
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s siaalar to &e afew, osang two tree mkhejm Imtelied twenty4)ttr 
hmm fffetioady. Hie beating of the heart was regular, 112 per minute, the blood was 
^goroudy, no y^-eontractions being seen, and as yet no morement of the 
After three hcmrs the heart’s action was reduced to ninety per minute, the 
moTements of the trunk unimpaired. After five hours the heart beat only fifty 

a minute, the blocHi-coj^uscles t^ded to block up the channels near the auricular aper- 
ture. After ^ven hours the heart’s action was irregular, and failed at times fin forty 
seconds, afterwards beating once a second ; the blood formed a red coaguium near the 
hemt ; the trunk did not move. Nine and a half hours after, the heart was beating 
feebly at long intervals, although the trunk was rigid, and recurved as it often is in 
dead fty, and the tissues were opalescent In eighteen hours aU movement had ceased. 

Experiment t was similar to the above, using two free embryos, two days hatched (I 
may say here that the young fry burst the yelk-sac at various stages of development, so 
that the number of days they have been hatched is no safe measui^e of the stage of deve- 
lopment). At this time they were somewhat further advanced than those in experi- 
ment Sy but no action of the gills was seen. After 4f hours they became still as r^^ards' 
the trunk, and the heart beat rarely and feebly. 

Experiment v . — As a supplement to these experiments, and as a measure of the value 
of my tests for carbonic acid, I sought for respiratory products in the water in which 
free embryos had been suffocated. 

Sixteen young pike, about one week old (when they are seen to move the gill-covers 
and to vibrate the pectoral fins), were put into 800 grains of distOled water, and the 
beaker, which was full, was covered by a glass plate. They soon showed indications of 
digress, moving the gill-covers much more than their fellows in the aquarium did. 
of hours after, most of them were motionless at the bottom ; a few were attached to an 
air-bubble which had got in, and these were able to swim. Six and a quarter hours 
after they were ail unable to move. The water was filtered and evaporated, the con- 
centrated fluid was neutral, and gave an indistinct cloud with baryta-water. 

Experiment w. — ^In order to have a physiological test of the extent to which, by pro- 
longed boiling, I had exhausted the oxygen of the distilled water in preparing the 
beakers for the first series of experiments a, d, c, d, I put into one of the same beakers 
twelve young pike, about six or seven days old, passing them through the oil on the 
surfece, wrapped in moist bibulous paper unrolled afterwards by a needle. In one 
hour all w^ quiet but one, although their hearts were acting feebly. In one hour 
and forty-five minutes they were d^sd. The beaker contained 700 grains of water. 

J^perim^t ar. — Ova ^sed into pure olive-oil formed no breathing-chamber, and did 
not uttd^^ any change resembibg those which occur in water. 

E^riao^t — Ova pa^d into ^rit of turpentine resembled the above, but beaune 
more opaque. 

The^ two ex^iments made in reference to Neibok’s observations cm the ova 
of Ammm 
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Witliwt fiyifig a detail^ aaai^ of ^ 1 wffl hAAf ^i*e 

wUdi appear to 

of ^ ^ell;;, aad to a. ksa 

a^ & ^ ^Mmat dT ox^a whkh demand i» mm^mxmm, Hw 
aiw ^ra ia fee eipedamts a^n fee e^ggs of fee stidde^yfe; 412 to 43"!^ 

whife mmB^l^ almost to Justify tl» 'liew feat oxygen m fee wsonn^^ is ikA 

confetacm of farotoplasmic cjmtracticm, until feemoae extmtbd t^i^^feans 
<m fee pifce om miaWed me to arrive at a more correct conclnsioii. 

ll^ex|wm^^^ h, o,also establish the fact, that the rhythmic mn^jsMmB deamM 
hat little oxygen fm thmr support, as they persisted for seventy-two to sev€®fcy«shoam 
in imter deprived of oxygen, as far as it is possible to do, by boiling in air, 

The persi^nce of ydk-contracrions in e^s which are air^dy in |Kurt decompcMUg, is 
pobahly aaofeer illustration of this general rule. 

That dteava^ also demai^s but little oxygen appeared from fee experiments 1, 2, S, 
on fee ova of fee sriekleback, page 473, for it progressed in limited areas, and in wat^ 
^partly deprived of oxygen apparently as rapidly as it did in open v^sels. 

One is almost led to infer, on comparing the results of the experiments upon the pike 
ova wife those of tlm stickleback, feat fee former require proportionally more oxygen 
rimn do feose of fee latter during cleavage. Nor does femre appear to be any difficult)' 
in believing that variations in this respect exist among different species of animals. 

That; some oxygen in the surrounding medium is, however, a neces^ry condition of 
fe^ potoplasmk movements appears frmn a careful consid®:afem of fee whole of the 
obi^Tv^ons here related, alfeough some of fee results are such as to require explana^ 
and no one o£ the experiments taken alone is entirely free frmn po^bJe objections, 
I wiii hiiiafty cxpiriii scane of the apparently opposing resalls. 

Jn the ocmtrol experiment 1, tlm yelk-contractions ceased in less fean seventy-two 
hcairs, feea^m’e earher fean they did in the ova of experiments a^h^e% this dae.to 

fee early setring m of decomporition in the control experiment 1, and r^- 

tee aa^ shriaking of fee innmr sac, phenomena which are fevoared by the of 

oxygen in fee water if it be n«^ from time to time renewed, mid were shown fr> delay^ 
ha fhe bod^ w^r cwered wife oE. 

But in fee ova of fee contrdt ei^rimmit 2, in whife fee imter feaikgal 
fee y^-contracrions pmristed for mere than 100 hours, or aboat thirty Jmrars 
tkmx dH in fee expmdmmite n, o. 

The mmm (£ mScmUm experimemts e to y , and e' to / inctei^ nko tito 

infermn^ feat oxygen is an em^bd coi^ition ; for in aE erf fe^i tte y^-^^o^riM&ns 
oeas^ ioBg brfore they did in fee e^s of the control §my 

in feose e^ wifejh lay near^ to fee a^s^mMly air- 

bubbles. 

It is tee feat a extent iaveme relation was not <^smrv^ be^^w fee jmmbam of 
the ^gs in the cell and the dumrion of the yelk-contracrions, but ^s liaa 
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nir it WMfe i^ch eaten^ to ^Ik, md bj tie amfe^ 
bojmfeg of iiie iimer sacs in many eggs, a mode of teminatii^ Ibe contewrfions not dm 
^ ^le esiiatt^» ^ mj^A, md. wbub is most apt to wear idtm pro|K)rdon of 
is pnm«M it be not ebaag^ Nevertbeless, in ex^dmeirf A, with 

ftffty in tbe edi, imd imperfect exdimon of air, tbe contiSK^w in 

toi^ty4brw bf^s iac^^ distant irom tire air*bnbbl^ wbik in expernamt j, with only 
mwetL ^gs in tbe <^1, and emnplete exebmon of air, they contained for twwty-niae 
boors. 

Ibe expmments with impr^inated gave more definite r^nlte slill. For in 
experiment with forty-e^bt in the cell, the yelk-wntractions ceased in twenty- 
six hoars, leaving the yelk-ball globular and relaxed, while in experiment /, with only 
ten eg^ in the cell, they persisted for more than thirty-five hours. 

The pseudo-cleavage, or contractions of the concentrated formative yelk in nnimpreg- 
nat^ ^gs, and probably also tibe concentration of the formative yelk, seem to demand 
the presence of oxygen as well as a due supply of water : for in experiment alter 
twelve hours it was less advanced than in the ota of control experiment 3. It also was 
shown to cease long before the yelk-contractions, and may be supposed to consume more 
oxygen, although there are other explanations which may be offered of this fact, espe- 
cially the tendency of the matter of the discus proligems to undergo chemical change 
and diantegration. 

Cleavage may be said to demand more oxygen than do the yelk*<x>ntractions, as in mr- 
periments ^ to / it always ceased long before, and was more promptly checked by in- 
creasing the number of eggs in the cell. It is also more quickly arrested than pseudo- 
cleavage, and would seem therefore to need oxygen more. 

Indirectly, bursting of the inner sac and consequent cessation of the yelk-contractions 
depends upon access of oxygen, which acts by favouring decomposition when the water 
is not changed. 

Although some of the changes seen in the eggs in the suffocatitm experiments may 
be attributed to tbe poisonous action of some product, and not alone to the abseil of 
oxygen, yet tbe general inference, that oxygen is consumed, is not thereby weakened ; 
and it is a sig^cant and interesting feet, that the cl^vage masses in suffocated ^s 
undergo a series fusion, which much resembles one of the effects of the wtion of 
carbonic acid on thwa.- 

It remains, however, a weak jKant, that I failed to obtain chemical eridenc^ as to 
tbe product of oxidatkm, vririch might be expected to be in very small amount, as the 
conaum^on of oxygm was m minute. 

I>es|)tte riie difficnhics of ^^(bng what interchange take place between the sub- 
^nce of riie yefe: md rim i^rrcmsdmg medium during Ae fenctionri acrivity of the 
leajoa*, tbe feet <ame emt wkh clearness, that some non-albuniinous orgmiic 

md. mme salts, inte &e w^r. 

# to f Aow rimt cell-m^tiplication and diffemtferion, in the 
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iwlwyd, mme ipigeatly demand oxyg^ tibaa do t]be sti^^ of dteaiage, 

and kfmiw^ tt»n tlie yelk-contmctions. 

Tbas <iH& of development and of ^owth of the emhr^ as ^ly as 

^ven hams after the cell was closed ; and so rapidly had the 1*^ 

that evKD. the yelk-contiaction ceased in eighteen hours, althou^ the pKs^^rlacm of om 
to mates wm small : while the ^iier cleavage, under le^ favourable condiMom^ hi^ eon- 
laau^ for twenty hours at least, and had not so exhausted the oxygmi m to ^p the 
yA-contractions for thirty hours or more. 

Ihe hi^er the stage of development at which the embryos u^ for experiment had 
mrived, the sooner did they so exhaust the oxygen as to arrest the yelk-contmcEons. 

In young embryos in which no striated muscle was seen, the trunk movements per- 
dsted as long as the yelk-contractions, and the heart, which is but a mass of protoplasmic 
balls, did the same, but the striated muscles in the trunk of more advanced embryos Ic^t 
their contractility more rapidly when oxygen was withheld. The heart, even in hatched 
embryos, continued to contract longer than any other structure, perhaps, because it 
continually helped to renew the medium around it. 

Concluding Bemarics, 

The observations detailed in this communication seem to me to be confirmatory of the 
view that the egg of osseous fishes is a cell, and to be looked on as a structural unit, 
the prototype of those units which, variously aggregated and modified, form the mass of 
the higher organisms. The minute, simply constructed, early ovarian ovum would, I 
doubt not, be accepted as such by most observers ; and the larger ripe egg can scarcely 
be held to differ essentially if its mode of growth and development be considered. 

The complex structure of the yelk-sac cannot be urged with much force against this 
opinion, as analogous structure has been met with in other parts, which are admittedly 
cell-waBs or their d^cendants ; for example, the striations in the matrix of some carti- 
lages, and in the surface-layer of intestinal epithelium, and the so-caUed pore-canals in 
the cuticular tissues of many lower animals. It is certainly somewhat difficult to con- 
ceive what is the true position of the egg if not that of a cell. 

Assuming that the opinion now advocated is sound, the question as to the mode of 
growth of <^ll-walls receives some additional light from the evidence here broi^ht 
forward, to prove that the yelk-sac grows interstitiaily, and not by accretion upon either 
surface, or by gradual transformation of the surface of the yelk-ball. 

To the yelk-ball, however, as the essential cell, the greatest share of interest attaches, 
and it, like the cell contents, alone is capable of undergoing multiplication, A conve- 
nient definition of a cell-wall might therefore be, — ^the first separable covering of the 
protoplasmic ma^, which does not take part in multiplication by fiarion. 

The cell-wall must be considered as a living substance, at Imst so long as it ccmtanues 
to grow Mterstitially, although it Is probable that a time occurs in the life-hi^ory 
of most cells, which possess such w^s, when they ceai^ to ^ow, when they rmider 
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&mni^ to the md. Ikesi they aare goMfdly marked by angidm" 

Tim im^ ^ is to he loo^d on as the homol(^e of the primor^al utricle, and its 
piartioa witib the granules of the discus proKgerus wmiM then corr^pcmd to the 
graaukr ma^ around the nucleus in the plant-ceE. 

Ihe food-yelk is held to be the equivalent of the fluid cell-contents, and the germinal 
vmde and spots hold the poation of the nucleus and nudeoli. 

Contractility, which there is some reason to think is a property common to ail cell- 
contents or protopl^m, in the egg, as in Tradescantia, appears to have its seat in the 
surfece-layer. It may be spoken of as of two kinds, Ehythmic and Fi^ile. 

The fonner is met with, at least in the egg, as in very many other cells, in a portion 
only of its life-history, and varies very much as to the vividness of its manifestations in 
different oi^nisms. Its essential conditions do not appear to differ frbm those which 
govern all other known vital actions, and its normal excitors are the same as those of 
higher motor structures, but it seems to be less liable to be influenced by most poisons 
than are the vital properties of higher tissues. It is not influenced in any manner by 
the spermatozooids. From the contractile matter of striated muscle it differs in one 
important particular, viz. that while the former is permeated by an alkaline fluid it is 
bathed with an acid. No explanation of its rhythmic character has yet been found, 
and its uses in the economy are also unknown. In the ova of osseous fishes, and in those 
of Batrachia, its existence has been ascertained, but usually its manifestations are slow and 
indistinct. That the rhythmic contractions have no essential relation to growth in the 
ovum of osseous fishes, is shown by the fact that they do not begin until the egg has 
reached its full size. I venture to suggest that they may be connected in some way 
with the conversion of a lower form of organic matter into a higher, such as occurs 
when food-yelk is transformed into formative yelk. It seems probable that the excep- 
tional vividness of the contractions noted in some fishes, as the pike and the stickle- 
back, is connected with the rapidity of the changes which take place in the egg. 
These eggs hatch m a shorter time than do those in which the contractions are slow 
and indistinct. Were it not for their orderly recurrence, one might be tempted to 
refer them to the ^me category as those motions which occur during the admixture of 
certmn fluids, as of spirit and water. 

The fi^e contractility is also independent of the action of a male element, although 
so &r influenced by fecundation as to owe persistence and regular progress to it. Its 
es^ntial mid modifying conditions are otherwise like those of the rhythmic con- 
tractility, but its ncu*mal excitora, if we except heat, are but little known. It requires 
for its rndbatenance that a porrion of riie lower form of protoplasm united with oil shall 
be oontinimlly converted into the hi^er. Its results are growth and development 

To riiow the extait and importance of the question m to the nature and la-oierties of 
protopli^m, I win dmw a brief paraEel. The first germ of an animal, as the ; the 
fimt of oi^nic matter about to be formed into tissue in the body, as the white 

MDCCCIiXVII. 3 X 
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lew^ known od^kg cn^ud^tia in the ammel m i^etahk kk^ 
dom, m Amoim i the e^liest ascertained traces of organic bein^ in the 
re^rd^ m the MQzom Cmedeme^’-me all essentially masses of ^^^pkaii, and mme of 
then ha^ been sbonm to po^i^ some important j^operti^ltt tlmis^eai^^ 

of and M. ScHULZif have ^own. 

om^iy glance h^ond the limited area which I have beei hiA^tp ^amlning, 
gives some support to a view, on other grounds probable, that ^ rhythmic i^ibractois 
<rf the lowmr forms of protoplasm precede and lead up to the fisdle movaottmte whkh 
r^rah in (^U multiplication in the higher forms of protoplaan. Witness the amoeboid 
stag^ of some monads before they encyst and multiply by fission, as de^adbed by 
ClEfTKOWSKlJ. 

One is thus easily led to form the general conception that matter, in pa^ng fr<«a ^ 
inorganic to the organic world, first takes on a homogeneous thick fluid form, the den^r 
surface of which is endowed with a rhythmic contractility ; that it then is gradually con- 
verted into a higher form, which is granular, and contains fat, which loses its power of 
rhythmic contraction, and acquires that of dividing into separate masses by fission. 


Explanation op the Plates. 

PLATE XV. 

Dugkam a. 

a, Dotted yelk-sac. 

b, ‘ Buttons. 

c, Micropyle. 

d, Inner sac indicated by the dark line (it should be in contact with the yelk-sac). 

e, e. Cortical layer, or matrix of the formative yelk, continuous with the inner surface of 

inner sac indicated by the fine shading. 

/, f. Yellow droplets and granules of the formative yelk imbedded in the cortical layer, 
and forming at its thicker portion the discus proligerus. 
g. Germinal vesicle with contents (introduced to show its portion when last i^n). 

L Group of laige store oil-drops. 

j. Food-yelk. 

k. Smallm* oil-granules of the formative yelk. 

Figures 1 to 23 inclusive refer to ^gs of 

Pig. 1. The unimpr^nat^ egg, imiented by pressure, viewed with a low > — a, the 

micropyle (proportionally too large in the figure) ; b, the buttons ; c, oil-drops; 
d, the discus prol%erus. 

♦ X»Q€. tM, t F3P0fe^iua3i% 188S, 

t « *tir K«atnki ^ Mimaitoa,” Ardor iffir 1865. 
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^^, 2. ItottoiM, wtei by n^diaait^ Tiotece. x 200. 

f%. S. Action of yelk-sac near the apex of the micropyie : — «, cat edge ; J , folded edge ; 
c, apes of the ndaropy le. . ' 

f%. 4. The mitaropyle, front ?iew, the apex in focus. x200 (the fine dotting is too 

Mg. b. An animpregnated egg under preaiure, the micropyie (h) in profile projecting 
into ihe discus proHgerus (a). 

Fig. fi. An e^, five minutes after impr^nati<m, showmg the funnel of the micropyie 
(S), and the pit in the discus proligems {a). 

Fig. 7. Ik^ped and partially emptied inner sac : — Oy food-yelk ; b, formative yelk chmiged 
by the action of water. 

Fig. 8. An egg crushed forty-five minutes after impregnation : — a, contents escaping at 
the rupture in the yelk-sac ; h, collapsing mner sac thrown into folds ; c, ger- 
minal disk. 

Fig. 9. An escaped germinal vesicle in the fluids of the egg ; — a, the germinal spots dis- 
placed ; by the colloid matrix changed and frintly granular ; c, escaped yellow 
droplets ; d, free oil-globules. X 200. 

Fig. 10. The same vesicle acted on by water : — a, the germinal spots vacuolating, with 
dark hard outlines and irregular forms ; h, the colloid content or matrix of 
the spots, more darkly granular and vacuolating. X 200. 

Fig. 11. A portion of the same vesicle more highly magnified: — a, a germinal spot 
vacuolating. X 400. 

Fig. 12. Youngest ova seen ; no primitive yelk around the germinal vesicles. 

Mg. 13. a, an ovum of the smallest size seen furnished with primitive yelk; b, an ovum 
of somewhat larger size changed by imbibition of water, so that tiie germinal 
spots have vani^ed ; c, escaped germinal vesicle without contents ; d, free 
granular matter from larger eggs ; <?, stroma of ovary. 

Fig. 14. An ovum of group 2, showing granularity of the surface of the yelk, oil-drops 
distributed, and germinal spots vanished from prolonged action of water 
through the substance of the egg. 

Fig. 15. An ovum of group 3, escaped from its yelk-sac, exhibiting the mibangular form 
indicative of its solidity : — a, clearer zone around the germinal vesicle ; b, gra- 
nular aspect of the superficial part of the primitive yelk after the action of 
water. 

Fi^. 16, Germinal vesicle with its colloid matrix sustaining the germinal spots in their 
natural positions. Smt in the fluids of the ovary. (The drawing is faulty m 
AowHig the spote as if those nearest the observer were central.) 

F%. 17. A geiminal vesicle whmh has imbibed water maeqrmlly, the colloid matrix 
retaining the germinal spots in their natural peripheml position. 

18. A free g^ninal veacle uxnnjured mechanically, hut acted on by water for 
w&mi bourn, the pofition of the spots and the vesicular wall not changed. 
3x2 
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^^bid matrix aot grmitilar, the germiaai wiomiy ti^ed, dmk* 
^imol^iiig. 

Fig. 19. O^nniaai spots, more highly magnified, seen m a pm- ^mt. solution of 
cMoride of sodium, variously tailed and vacuolatii^. 

F%. 20 (Hate XYI.). Geminal spots in various stages of fusion and solution, in a 5 per 
emit. soluti<Mi of chloride of so^um. 

Fig. 21 (Hate XVI.). A macerated yelk-sac: — a,the changed homc^eneous-looking ex- 
tensile outer layer; b, the dotted yelk-sac not chained. x2fi0 (dmwnvrith a 
camera). 

Fig. 22. Api^arance presented by the extensile outer layer under a magni^ng power 
of X 3000 diameters ; the dots dark (diagrammatic). 

Fig. 23. Aspect of the same when the focus is so arranged that the dots are %ht 
X 3000 (diagrammatic). 


PLATE XVI. 

Fig. 24. Egg of the Trout, showing the cup of the micropyle under a J*' lens. 

Fig. 25. The micropyle of the egg of the Pike seen in |-fece with reflected and trans- 
mitted light: — a, the trumpet-shaped tube. X 190. 

The figures 26 to 33 inclusive refer to the ova of Perch. 

Fig. 26. A diagram explanatory of the arrangement of the outer ends of the “ tubes ” in 
the outer layer of the yelk-sac of the ovum of the Perch : — a, the fonnel-shaped 
mouths ; b, the “ tubes ; ” c, radiating curved furrows and folds of the surface. 

Fig. 27. Shows the arrangement of the ‘‘ tubes ” in a vertical section where two eggs 
meet. In the figure the “ tubes ” are stretched and broken, and their ^iral 
twist destroyed, x 190. 

Fig. 28, Small fragments of the “tubes” more highly magnified to tiiow the double 
contour of the walls, x 500. 

Fig. 29. The inner branched ends of the “ tubes:” — a, the outer laminated surface of the 
dotted yelk-sac ; b, a detached “ tube.” 

Fig. 30. The inner branched ends of the “ tubes ” semi from the inner surface of the 
yelk-sac through its substance, showing their relation to the finer dotting^. 

Fig. 31. The outer ends of the tub^ seen full face, riiowing their r^nhu- arrangement 
in the clear matrix, and the aspect of the frmnel-sbap^ ends. X 190. 

Fig. 32. The dotted yelk-sac, showing its laminatmi structure at a jtoam X§00. 
(The drawing exaggerates somewhat.) 

F%. 33. The dotted yelk-^tc, showi^ a cut edge, x 5Ml (al^ s^i^rhal ew^matei). 
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Hie igur^ 34 to BS indaiaTe refer to the of QaOetmtmm. 

Kg. S4 Two OTa of QaMwitdms fvmgiMus^ pressed toge&er ^ as to seem to close the 
micaropyk of one of Oiem. X 100. ‘ 

Kg. 85. An impregnated ovum of Q. leimrus^ just before the commencement of vivid 
contractions, showing the flat surface. 

Fig. S5^ Hie same egg rolled a little. 

Fig. 36. The first stage of active contraction producing the reniform figure. 

Kg. 37. The dumb-bell figure. 

Fig. 38. The flask-shaped figure! 

Fig. 39. The wave having passed forwards, has left the food-yelk globular, but still in- 
fluences the germinal disk, which is nipple-shaped. 

Fig. 40. The whole yelk-ball globular and at rest. The germinal disk difiused somewhat. 

Figs. 41 & 42. Abnormal forms of the yelk, caused by two or more waves present at the 
same time. 

PLATE XVII. 

Figs. 43 & 44. Slower chmiges of form of the germinal disk and neighbouring part of the 
food-yelk. 

Figa 45 to 49 inclusive. Further successive slow changes in the form of the germinal 
disk and of the germinal surface of the food-yelk, shortly before the commence- 
ment of cleavage. 

Figs. 60 & 51. Show the commencement and progress of the first cleft, and the sepa- 
ration of the masses. 

Figs. 52 & 53, Also show the gradual deepening of the first cleft. 

Fig. 54, The cleavs^e masses closely pressed together as seen before the second cleft 
begins. 

Fig. 56. Shows the “ Faltenkranz ” of Reicheet, or folds of the inner sac during the 
progress of the first cleft. 

Fig. 66. Shows similar folds in one cleft of an egg which is cleaving irregularly. 

Fig. 57. An egg twenty hours after impregnation. The germinal mass is composed of 
cell-like corpuscles ; 5, a portion of the germinal mass more highly magnified. 

Fig. 58. An egg cloving asymmetrically. 

Fig. 59. The yelk-ball before galvanism was used (given as a standard of comparison) : — 
a, tile mimopyle ; 5, the germinal disk. 

Fig, 60. Contraction, the effect of one application of the galvanic current. 

P. The Platinode. %, The Zincode. 

1%. 61. Another contra^on, the ^ect of a second application of the mirrent, with 
rupture of the innm me and escape of the food-yelk. 

62. Further contraction, with rupture of the inner sac on the oppotite dde, from a 
third application of the mirrent. The esmping yelk graaukr. 
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VLATE XVin, 

Fig. 8S. Ilie irnier sac contracted by repeated appHcaMons of Mectofytic 

changes visible. 

Fig. 64. Ibaal result after repeated application of the gdvanic mxtmt* 

Figs. 66 & 66. Contractions, the effect of zero-galvanic dirraite, too to cause 
rupture of the inner sac. 

Figs. 67 Sc 68. Contractioim excited by weak galvanic currents in which hdi 
partially frozen. 

Fig. 70. Electrolytic effect of the galvanic current upon the cleavage masses. 

Fig. 71. Irregular cleavage in an egg of which the inner sac had been ruptured by 
partial freezing. 

Fig, 72. Second stage of the action of a weak solution of carbonic acid upon an 

before cleavage. The yelk-ball globular ; the germinal disk very prominent 
and conical (drawn seventy minutes after impregnation, and thirty-five mi- 
nutes after the action of the carbonic acid). 

Fig. 73. First stage, four minutes after the action of carbonic acid upon an egg, after 
the first cleft is complete. Ihe yelk-baU globular, the germinal disk 
retracted. 

Fig. 74. Last stage of the action of carbonic acid on an ^ in the same grade of develop- 
ment, not ruptured or chemically changed. The food-yelk globular and still, 
the cleavage masses fused and diffiised. (The breathing-chamber is too large.) 
Fig, 75. Final stage of the same eggs when the inner sac had ruptured and chemical 
change taken place. 

Fig. 76. Kbrmal aspect of the germinal disk cleft in four mas^s (as standard of com- 
pari^n). 

Figs. 77 to 79 indusive. Stages of the recession of the germinal disk into the yelk, 
which took plac^ during the first few minutes after the action of the phonic 
acid. 

Figs. 80, 81 & 82. St^es of the gradual reprotrusion of the genninal diak, with com- 
mencing fusion of the cleavage masses. 

Fig. 88. State of complete fusion of the deavage m^ses, three hours the action 
of the carbonic add. (The yelk-ball shoiild more nearly fill the yelk-sac.) 

POSTSCEIPT. 

Partly from an unmilingness to enter upon any discumon as to priority, and prtly 
not to add to the length of this pap^, I avoided historic^ refe^eni^ enfedy. But as 
my silence might ^em to indicate an acquiescence in claims whidi are mpust to othm* 
observers, I have sin<^ thoti^t it to append a diort hktwy of the ol^erv^hms 
relating to the miaropyle in Fishes. 
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Bu E. VoH Baeb (Untersuchiuigexi uber die Ihtwickeltmgsgeschiclite der Msche, 
183S) saw in the of C^prmm Blicm (white Bream) a clear circle in the centre of 
the germ (discus proligerus), which when viewed full face had a dark halo around it 
aod resembled an area peUumda, but whmi seen in profile was recognized -as a ftmnel- 
shaped depression in the outer membrane. He says fiirther, “ I can only conceive the 
formation of this funnel taking place by the passage outwards of the germinal vesicle, 
through the centre of the germ, as I have seen occur in the e^ of the feog.” 

It may be said therefore that Babb observed the funnel of the micropyle, and correctly 
described its position relative to the parts of the egg, but did not see the aperture 
through the yelk-sac or properly interpret the structure. 

M. Boy^ee communicated a paper to the Soc. Philomathique de Paris, Bee. 15th, 
1849 (see Tlnstitut, vol. x^dii. p. 12, 1850), in which he described the micropyle in 8yn~ 
gnathm Ophidium, clearly indicated its relation to the discus proligerus, measured the 
aperture, and withont doubt appreciated its significance in the act of impregnation, 
without, however, affording any experimental evidence of its uses. 

My paper, read November 23, 1854, and published in the Proceedings of the Eoyal 
Society, was next in order of time. 

C. Beuch (Zeitschrift fiir Wissensch. Zool. B. vii. 1855) announced his discovery of 
the micropyle in the eggs of trout and salmon in a letter to Professor Siebold, Becember 
28, 1864. He did not make out its relation to the proligerous disk, and failed in his 
attempts to prove that it served for the entrance of spennatozooids. He, however, rightly 
interpreted the structure, and claimed to have first established on a firm basis the exist- 
ence of a micropyle in vertebrata. 

My observations on the eggs of trout and salmon were made in the same season, Be- 
cemher 1854 and January 1855, and the results were communicated in the latter month 
to Br. Allan Thompson (Cyclopaedia of Anatomy and Physiology, vol. v. p. 104). 

Reicheet (MOller’s Archiv fiir Anat. Physiologie, &c. 1856, p. 83) described the 
micropyle in the egg of the pike and of several other fishes, failing, however, to find it 
in perch. His first observation was made immediately before Professor Beuch’s paper 
came to his hand. He did not describe the relation of the micropyle to the other parts 
of the egg, or give any proofs that it served to give entrance to the spennatozooids. 

The credit of priority rests mainly with Boy^re. His observation was unnoticed for 
some time, and my experiments were made and published without any knowledge of his 
discovery or of the earlier one by Von Baeb. 

Beuch worked on this subject also without a knowledge of what had been done 
before, and Reicheet witii only a partial knowledge. 


F^rmrg 23, 1867. 
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XV. (h the Immr-dmrml Varusbim of the Magnetic Decimation^ with special regard 
to the Moon’s Dt^liwstim. By O. NEtJMAYBR. Comnmfdcated by the President. 

Eeeeived Karch 11, — Bead Maroh 28, 1867. 

The hourly records of the magnetic declination, systematically kept at the Flagstaff 
Observatory at Melbourne, Victoria, during the period from the 1st of May 1858 to 
the 28th of February 1863, have been discussed with a view to determine the lunar- 
diurnal variation to which this m^netic element is subjected. The r^ults arrived at in 
the course of this discussion, eliciting, as I believe, facts hitherto unnoticed, induced me 
to think it important to have them brought before the Eoyal Society, with no other 
object in view but to direct the attention of scientific men to a subject of such vast 
import for the development of the science of terrestrial magnetism. 

The process adopted in reducing the observations, in order to eliminate the solar- 
diumal variation of the magnetic declination, is identical with the one generally adopted 
in such cases. The limit of disturbance was taken to be 3*61 minutes of arc, and all 
hourly directions which differed from their final normals by this value, or more, were 
consequently omitted from the record. This elimination of the larger disturbances 
having been effected, from every remaining reading (R) of the magnet’s directi(m the 
respective final normal (N) was subtracted, thus causing the residuals (R— N) to be 
devoid of the influence of the s^ar-diumai variation. When the remainders are nega- 
tive, i. e. when the normal exceeds the reading, the north end of the needle is to the west 
of its me£UL direction, and when positive the needle deviates with its north end towards 
the east of its normal mean. The magnetic declination being east at Melbourne, we 
perceive that the n^ative values denote a decrease, and the positive ones an increase, 
with respect to the normal value of this magnetic element. The total number of obser- 
vations at command amounts to 38,194, of which 4,178 single readings were excluded 
from the disKmssion, on accxtunt of their being beyond the above-mentioned limit, and 
there remained only 34,016 readings for the purpose of determining the limar-diumal 
variation. Of this number 15,735 were observed in the months from April to September, 
and 18,281 during the time from October to March. 

The treatmmt of the residuals, with a view to classify them according to lunar hours, 
p^ents no i^rticularly new fi^tur^; so much may, however, be mentioned that, prior 
to entering upon any general di^ussion, evmy month’s result was calculated ^parately 
and expressed in minutes. Bubi^uently the values for the various months were 
arrange, irrespective of the y^, in two groups, viz., the sun’s declination being South 
(Octob^ to March), and the sun’s declination being North (Aprd to ^ptember). Thus 

iHxxJcmrn. 3 t 
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we i^ived a la^i iBaar-diiimal Tariatioa curve for eaci half of tiie irom whkh 
^am was derivai the annual curve. A more rigid examination of the remits obtained 
in way ^ow^ forthwith that irregularities in Ore lunar-diurnal ■mriation mam* 
l^t^ Oieoai^lv^, for which it was hardly po^ble to account oAerwi^, &an tlmt th^ 
were d^nding to ®)me degree on the moon’s position with refer^ce to the eqmte, 
whether her declination was South or North. 

Afl^ having once convinced of the truth of this, there could not exist a doubt 
as to tile mode in which the observations had to be treated. The whole series was 
‘SBTxanged in groups, “ Declination of the Moon South ” and “ Declination of the Moon 
Forth,” rejecting all days on which the moon was close to the equator, so as to caui^ 
her dedination to be divided between the hours of the day. The 118 groups of lunar- 
diurnal variation thus formed were subsequently classified according to whether the 
snn’s declihation was South or Forth, which was easily accomplished, as of each group 
only the sums expressed in minutes of arc had been taken. The mean values for each 
period were derived by allowing due weight to the number of readings from which it had 
been derived, a practice which was made a rule in the course of these discussions. The 
only exception to this in the subsequent Tables occurs in those values of the lunar- 
diurnal variation for the winter and summer half-year in the single years, they being 
derived from the monthly tables by simply taking the means. This must be borne in mind 
when comparing the various values, as in some instances there are considerable discre- 
pancies caused by this difference of treatment, which are, however, quite irrelevant for 
the purpose required. It ought to be mentioned that the mean values were subsequently 
reduced to seconds of arc. 

Originally, as I have already described, I obtained yearly and half-yearly curves of 
the lunar-diumal variation from the monthly tables ; and it is evident that the r^ults, 
obtained by the method just described, afforded a means of checking tho^ of the inquiry 
primarily instituted, so fiir as both could reasonably be expected to tally with one another, 
the principles of classification being somewhat different in the two cas^ Taking this 
into consideration, the £gr^ment between the results was such as to cause us to receive 
the suh^uent mean values with great confidence. 

The valn^ of the first Table are to be considered as derived irreqjectively of the yi^rs 
during which the observations were made, and to reprei^nt m^ values for the period 
from May 1858 to February 1863. We shall presently see that this point is of some 
moment, the single years differing widely in their results with r^ard to the lumff-diumal 
variation of the magnetic declinatitm. 

The values of the following Table have been thrown into curv^ which maybe 
studied by the aid of Plate XIX. ; it was considered ad viable to retmn the plan adopts 
in the above Table, mid exhibit the nine curves in three dife-mt ^oups, nmmely : — 
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TabIiI L-— Lunar-ditimal Variation of tbe Magnetic Declination (1858-1863), 
Ist. From tbe superior to the inferior parage. 



Iionar hours. | 



«• 

1. 

2. 

3. 

4. 

5. 

6. 


8. 

9. 

10. 

H. 

aaidir. 

S-iffidir, 

-f- 6'38 

+ r84 

+ Sl3 

- 0*89 

- 6*86 

- 9*23 

-11*74 

-12*10 

- 94)4 

- 2*06 

+ 6- 16 

+1031 

a 

fi 

+1318 

+16*33 

+1020 

+ 1-15 

-1004 

-15*96 

-26*64 

-15*55 

-10*32 

- 090 

+1061 

+1267 

K 


- 1-79 

~ 1-98 

- 0*82 

- 3*30 

- 1*00 

- 1*43 

- 1*61 

- 8*12 

- 7*60 

- 3*39 

+ 1*05 

+ 7*54 


1. 

+ 91)8 

+ 9-35 

+ 7*48 

- 0*29 

- 8 *23 

- 8-62 

-1287 

- 7 35 

- 631 

+ 4*36 

+ 9*09 

+ 9*74 

s. 

„ 

+1773 

+18*01 

+13*64 

+ 1*91 

-14 39 

-184)8 

-24*18 

-13*14 

- 7*97 

+ 8*85 

+15-94 

+12-27 

If. 

„ 

- 1-CT 

- 0*93 

+ 002 

- 3*08 

- 0*77 

+ 3*05 

+ 0-67 

- 0*33 

- 4*29 

- 1-00 

+ 102 

+ 6*71 

s.udlf. 

N. 

+ 3-72 

+ 6*33 

+ 278 

- 1-50 

1- 344 

- 9*83 

-10*62 

-16*76 

-11*83 

- 8*46 

i + 3-24 

+1088 

s. 

i n 

+ 8-38 

+14*62 

+ 6-67 

+ 0*33 

1- 5*43 

-13*64 

-16*96 

-184)2 

- 12*87 

-10*^ 

1+5*17 

+18*07 

If. 

1 ,, 

- 1*90 

- 3*01 

- 1*64 

- 3*50 

- 122 

- 5*72 

- 3*76 

-15*36 

-10*74 

- 5*68 

I + 1-09 

+ 8*36 


2nd. From the inferior to the superior passage. 


Bffiiiination of the 

Lunar hours. | 

Sun. 

Moon. 

12, 

13. 

14. 

15. 

16. 

17. 

18, 

19. 

20. 

21. 

22. 

23. 

S.andN. 

S. and If. 

+11 38 

+1038 

+ 7*01 

+ 2-43 

- 4-33 

- 7*42 

- 069 

- 7*83 

- 8-03 

- 5*15 

+ 3*13 

+ 6*25 

S. 

n 

+17*45 

+ 1655 

+1025 

+ 2-29 

- 44)6 

-12 82 

-12-86 

-17*18 

-12-25 

- 4*23 

+ 6*12 

+1071 

N. 

j, 

+ 4-33 

+ 3*24 

+ 330 

+ 2-60 

- 4*64 

- 1*26 

+ 037 

+ 3*07 

- 3*01 

- 6 27 

+ 6*80 

+ 1*04 

S.andK. 

S. 

+ 8-67 

+ 4-33 

+ 4-84 

+ 1*92 

- 3*28 

- 4 -54 

- 7*01 

- 8-46 

- 7-53 

- 5*80 

+ 1*73 

+ 7*65 

s. 

„ 

+ 15*19 

+ 9-42 

+ 5*^ 

+ 1-62 

+ 097 

- 5*58 

-1303 

-21*11 

-13*29 

- 5*25 

+ 4*28 

+13*14 

H. 


+ 1-20 

- 1*68 

+ 3-69 

+ 2*27 ' 

- 8*20 

- 3*33 

ooo 

+ 6*24 

- 056 

- 6*48 

- 1*39 i 

+ 096 

S.uidlf. 

N. 

+14-10 

+16-64 

+ 9-20 

+ 2-96 1 

- 5*42 

-1036 

- 6 -35 

1 - 7-19 

- 8-55 

- 4*51 

+ 4*51 

+ 4*84 

S. 

n 

+19-73 

+244)6 

+14*81 

+ 2-99 : 

- 928 

-2635 

-12-88 

I -13 -27 

-11*18 

- 3 20 

+ 5*98 

+ 8*17 

U. 

” 

+ 7-52 

+ 8-22 

+ 2-98 

+ 2-92 

- 096 

j+ 0-83 

+ 075 

’ - 009 

- 5*45 

- 6 06 

+ 2*86 

+ 1*12 


Group I. : — Decimation of the moon south and mrth^ i. e. no distinction being made 
with reference to the moon’s declination. 

1. No distinction with reference to the sun’s declination (this may be called the 

mean yearly curve), 

2. The sun’s declination south (summer half-yearly curve). 

3. The sun’s declination north (winter half-yearly curve). 

Group II. : — Declination of the moon south. 

1. No distinction with reference to the sim’s declination (yearly south curve). 

2. The sun’s declination south (the summer half-yearly south curve). 

3. The sun’s declination north (winter half-yearly south curve). 

Group III. : — ^Declination of the moon north. 

1. No distinction with reference to the sun’s declination (yearly north curve). 

2. The sun’s declination south (summer half-yearly north curve). 

3. The sun’s declination north (winter half-yearly north curve). 

A glance at the curves of Plate I. shows that the lunar-diumal variaticm must be 
i^axdM as beiiig influence by the sun and the moon, for we perceive riiat, in 
rmse the declimtions of both h^venly bodi^ are of the same name, both north or both 
sou^, the curves rfrow greatmr r^^arity than they exhibit otherwise. For instance: 
the smomer half-ymly south curve is fer less irregular than the summer half^^ly 

3t2 
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aor^ wiater Wf-yewl/^uth ctorve s^arc^y de^rm ^dj/whOe 

tbe wi^r Wf-yearly* aorth cunre exhibite the oojillaticms ia a far higher dega^, 
^thoag^ are still somewhat irregular. 

T^ie doubt so often raised, whether during the winter sea^m miy luiutr*diuraal 
was tratmble at all, can, I think, not be entertejn^ anylong^, if we pay due 
attention to the facts which may be gleaned from our Table. Inde^ we shall pr^ntly 
when spiking of the lunar-diumal variation in the various years of observation, 
tiiat in some cases ftie variation manifests itself in a very distinct manner evai during 
those monftis when the sun’s d«;lination is north. 

The principal features of the curves just enumerated may be deiin^t^ as follows : — 

iikd 1. 1. The maximum value of the easterly deviation of the needle takes place at 
the time of the moon’s lower transit, and the minimum between 6^ and 7^. A ^condary 
maximum occurs at I**, and a corresponding minimum between 19^ and 20K The range 
of oscillation amounts to 24"*0. 

Ad I. 2. In this case the maximum seems to occur a little after the moon’s lower 
transit, and the minimum at 6^, while a secondary maximum takes place at and a 
secondary minimum at 19**, the greatest range amounting to 38"‘69. 

Ad I. 3. I consider it most likely that in this instance two influences, counteracting 
each other in some measure, make themselves manifest, and it is therefore rather difficult 
to determine the extreme deviations so well as in the former c^ses; but it appears that 
11** and the hour between 7** and 8** are marked as extremes, in the first instance the 
easterly deviation reaching its greatest value, and in the latter the same occurring with 
respect to the westerly deviation of the needle. The greatest range amounts to 15''’66. 

The nodes, where the three curves intersect each other, are at the hours 15**-16**, 
20^45* 3** 20“ and 8^40“. 

Ad II. 1. The maximum of the east magnetic declination occurs at 11**, the minimum 
at 6^, the greatest range amounting in this case to 22"*61. A secondary maximum takes 
place at and a secondary minimum at 19**. 

Ad II. 2. Primary maximum about 30® past the superior passage of the moon, and 
the corresponding minimum at fl**, with a range of 42"T7. Secondary maximum at 10**, 
and TuiniTnuTn at 19^. 

Ad II. 3. There is in this case scarcely any regularity in the oscillations of the needle 
observable, the extreme values differing by 14"*91. 

On account of the irregularity of the winter curve the nodes for this group are not 
well defined ; they seem, however, to be between 14** 30® and 16** 50®, 20* 50®, 3** 15®, 
and 8** 30®. 

Ad III. 1. Maximum at 13* mi4 taitdmum at 7**, giving a range of 3S"*40 ; ^sondary 
extrmnes are noticeable at 1* and IT**. 

Ad III. 2. Maximum at 13*, minimum at 17*, gr^test ra%e 44^*41 ; seccmdmry 
maximum and mmimum respectively at 1* and 7*. It is yet to be de^ed whe^er the 
deviatbtt from the rule, tihiat ftie u^nimum between the in^mr and suffer |w#- 
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the one between the saperior and the inferior, is rather due to an ac^deaatal 
inegrdarity than to an actod chai^ ; tmt the latter is undoubtedly the tmse with 
ref^ffltce to the marimum^ comparing it with the summer semiannual curye obtain^ 
ampecrirely of the moon’s declination. 

Ad in. S. This curve shows but one distinctly expre^d maximum and minimum, 
vig. at 11*^ (or perhaps near the inferior transit) and at 7**, the range of oscillation 
amounting to 23"*72. 

The intersecting points are in this group of curves more distinctly determined than in 
either of the two preceding ones ; they are at 15**, 20*^ 40®, 3** 30®, and 9^ 50®. 

Prior to entering on the examination of the lunar-dinmal variation in various years, I 
may be parmitted to add a few words on the semiannual inequality for the several 
groups of cur^^es, taking in every one of the annexed diagrams the annual curve for the 
axis of projection. 

Diagram I. in the annexed woodcut illustrates in the usual manner the semiannual 
inequality of the lunar-diurnal variation, no distinction being made respecting the nmne 
of the moon’s declination. 

Diagram II. shows the semiannual inequality of the Innar-diumal variation only for 
declinations of the moon south of the equator. 

Diagram III. represents the semiannual inequality of the lunar-diurnal variation for 
declinations of the moon north of the equator. 



In evay one of th^ cases tiie suimner branch (October to Mardi) bears the character 
of the Ittumr-diumal variation, even as fer as the tnmkg hours are concerned. We 
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iM^5e dto aiaaAdl diferrajce between the cam when the mocm k of iie eqmtor 

(IL) m 4 tte one whm her declination k north (III.), A glance at the di^ams wffi 
as of tMs ; we need only to point oat that the rai^e of o^sill^ion in the fesrt 
tatoig both branches into consideration, k 27"’Sd, in the kit hat 2F*18, luid 
th^ fee extiem^ occur in the latter ca^ two hoars earlier ttei in the tener. Besides 
fe^ diferences there are others of minor import which al^ contiilmte towa^ drawing 
a dktinction between the carves for north and south declinatioas of fee mo(m; for ia- 
stimoB, the secondary extremes dife in the south carve by 2F*86, whikt fee ccirre- 
fiponding deviation in the north curve k but 13''*20. 

On examining the results of thk inquiry for the several years of observation ^nne- 
what closer, we are struck by the differences which they exhibit among feemselvm It 
was the year 1861 which first called my attention to this fact by manifesting consider- 
d)le abnormities with respect to every one of the curves of the lunar-diomal variatiw 
for the various seasons and positions of the moon. These irr^ularities are the more 
striking, as the year 1860 does not exhibit any such extraordinary deviations from the 
mean values for the several years, altho^h also in thk case the curve for the winter half- 
year shows some peculiarly interesting festoes (Plate XIX.). 

The subjoined Table gives the lunar-diuOial variation for the years 1860 and 1861, 
and Plate XIX shows the respective curves. 


Tabxj: IL — Lunar-diumal Variation of the Magnetic Decimation for fee years 1860 and 1861. 


1st. From the supcfrior to the inferior passage. 


l^iiiai^joa of Uie 







Lunar boors. 






Sun. 

Moon. 


0. 

1. 


3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

S.»idX. 


im 

mt 

+ 'fS8 
5-87 

+ 6-80 
- 8-70 

+ 6-03 
- 6^2 

+ 2-77 
-13-38 

- 3-90 

- 9-09 

- 9-65 

- »'96 

- 8 09 
-12-88 

-14-91 

-10-92 

-14-45 
- 6-10 

- 6-73 

- 1-09 

+ '^86 
+ 6-84 

+ll62 

+17-21 

„ 

a. 1 

isee 

lisi 

+11-S4 
+ 4*18 

+ 8-00 
- 2-47 

-hlO-37 
- 1*90 

+ 350 
- 5-34 

- 5 -39 
-10-59 

-11-70 
- 6-69 

-2716 

-11-71 

-2165 
+ 510 

-2462 
+ 4-33 

- 7-52 
+ 14-86 

+ 264 
+17-14 

+ 650 
+23-76 

„ 

{ 

1801 

+ 0-50 
-lS-01 

+ 5-21 
-14-78 

+ 214 
-1157 

+ 2-08 
-21-13 i 

_ 2-®) 
- 8-72 

■- 7-79 
-11-37 

- 973 
-14-03 

- 8-47 
-25-98 

- 4-46 

- 1568 

- 5 ^ 
-1561 

+ 367 
- 2^ 

+ 1862 
+10-79 

S. 


1809 

1801 

+13-97 
+ 3-64 

+1391 
+ 1-74 

+ 9-88 
+ 6^1 

- 0-24 

- 1-40 

-11-62 

-12-78 

-20-48 

-18-36 

-19-91 

-22-62 

-23-07 

-13-65 

-16-05 
- 3-82 

- 4-M 

- 1-59 

+ 9-47 
+ 8-12 

+17-84 

+12-78 

II. 

”, ^ 

18^ 

1861 

+ 2-08 
-17-98 

- 0-05 
+19-05 

; -P 2-70 
-19-90 

+ 4-76 
-2684 

+ 1-37 
- 732 i 

+ 0-97 

+ sm 

ws — 

1 1 

- 6-56 
1- 567 

-U-30 
- 595 

-10-50 

+ o-is 

- 208 
+ 4-50 

+ 5-^ 
1+17*76 


2nd. From the inferior to the superior passage. 
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Lunar boors. 

Sun. 

Moon. 


12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

s.«idir] 

s. 

K. 

SirndH.- 

E . 

». 

S. 1^ K. ' 

1860 

1^1 

1860 

m\ 

1800 

mi 

im 

1801 

1860 

1861 

+ 4-75 
+2507 

- 164 
+27-28 
+10-I» 
+^-79 
+14-^ 
+24-^ 

- 466 
1+20-M 

+ 166 
+21-33 

- 9-18 
+21-70 
+12-13 
+2066 
+12-^ 
+20-^ 

- dm 
+1810 

+ 'i-^ 

+19-86 
-6-l» 
+1763 
+11-^ 
+2253 
+12-34 
+1767 
- 8-19 
+2066 

665 
+1561 
- 661 
+1164 
+ 467 
+6660 
+ 1*^ 
i-l260 

-4^ 

+16-84 

- 1-42 
+ 7-60 

- 9-43 
+ 761 
+ 6-34 
+ 7*26 
+ 561 
+ 1-49 

- 8-51 
+12-41 

- 862 
+ 3-85 
-14-45 
+ 3-37 
- 261 

- 669 
-14-15 

- 0-89 

- 2*5© 
+ 6-M 

+ 6*20 

- 5 *35 
+ J-42 

- 3*19 
+1168 

- 7-52 
+ 1*45 
-1165 
+ 866 
+ i-m 

- '567 

- 4 -32 
-12-17 

- m 

+ 1-79 

- 061 
-17*46 
-1261 
+ 7*^ 
+ 7-71 

-S-48 

-1647 

- 664 

- 6*35 
+ 0*^ 
-14*66 
-12-16 
-1567 
+ 864 

- 664 

+ 4^ 
-1061 
-#8l 
-3*^ 
+ 9*53 
-1668 
-f-M 
- 5*^ 
+li9S 
-16-16 

+k-3t 

- 361 
+12*^ 

- 1-30 
+14*# 

- 468 
+12*« 
+ 3-17 
+!#« 
-10^ 

+14*36 
- 2 
+19-40 

+ sm 

+ 9-48 
- 7-# 
+16i^ 
+ 863 
+1361 
-1464 
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Oae gtoflrtse at tliis Table informs ns of tbe great difference between tbe several curves 
far ifeie two yearn The yearly curve for 1860 shows a maximum easterly decimation at 
and a ndnimum at O*’, with a secondary maximum at 11** and a range of* 32'^ -39; 
whikt the same curve for 1861 shows a maximum at the moon s lower transit, and a 
rath^ indistinctly expr^sed minimum at 3**, the greatest range being S8"'45. Differ- 
ence similar to those Just pointed out, will be found on examining the various curves, 
but it may suffice for the present to single out one of the most striking anomalies, if 
we are allowed to speak of such, our knowledge on this point being stiU very indistinct. 
I refer to the winter half-yearly curve when the moon’s declination is indiscrimmately 
north and south. In 1860 we notice in this case a distinct maximum at 22** and a 
minimum at 8*V secondary extremes occurring at ll** and 13**. The greatest range is 
28"*23. But on examining the same curve for 1861 we find a vast difference ; a maxi- 
mum deviation towards the east at the moon’s inferior passage and at 3**, whereas it is 
scarcely possible to speak of secondary extremes, all other undulations appearing as acci- 
dental irregularities when compared with the main oscillation, with a range amounting 
to 43"- 82. It can hardly escape our observation that both curves show a clear sweep, 
but in a very different sense ; and we understand now the reason of the irregularity of 
the mean winter curve for the five years, which scarcely deserves the name of a curve, 
'rhis fact frequently induced those more especially engaged in these pursuits to doubt 
the existence of a lunar-diumal variation-curve during the absence of the sun from the 
hemisphere of observation, a notion which, after the above explanations, may safely be 
pronounced to be erroneous. We feel, however, also inclined to recognize in the facts 
above pointed out the excuse for such a conclusion. 

The summer semiannual curve for 1861 exhibits a secondary maximum and minimum, 
respectively, at 23** and 20**, the primary extremes occurring at the moon’s lower pas^e 
and at 6**. As all curves for this year exhibit similar anomalies, when compared with 
what we adopted for the rule, the idea suggested itself that some error might have 
crept into the discussion ; but this was soon proved to be an erroneous supposition by a 
perfectly independent and fresh discussion which gave in the main points results iden- 
tical with those arrived at on the first occasicm. 

In cour^ of the y^u: 1861, the instruments hitherto in use at the Magstaff ObsNer- 
vatory, were repla<^ by new ones just received from Munich, and in the month of May 
the necessary adjustments were so ffir advanced as to allow of the registration of the 
new instruments being commenced with the beginning of the month of June. It need 
Karcely to be mentioned that the greatest (are was taken to ensure uniformity of regi- 
stration in every respect, and it is not likely that the new arrangem^ts would have 
influenced the observati<m in any undue manner. Not satisfied, however, with such 
guarantee for an exact observation mid discussion, I resolved to examine the anomalies 
of this yemr stiU further. For tins purpose tiie luhar-diuiml variation for the ^riod from 
May 1860 to April 1861 was dmvdl with special r^;ard to the moon’s declination, as 
tikewke hi the ^me montiis in ISOS and 1859, and in comparing tiie reipective results 
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we I'aomber tliat domg both periods ^ same m^mments were «s^; but ^iU 
WjB permm imt towarcfe the end of the late pmod the almorBdtfes abote imiutoi mt 
aa&e th^osekes ctely manifest, even in the yearly curve with the moon’s decMna^cm 
mid south (see Plate XIX,). This seems to s^ak strongly in itvour of a pro- 
gresdve change rather than of an accidental irregularity. It wouM be pemaiure to 
upon an explanation of these facts at present, as it is evident ^at for such a 
purp(^ we are in meed of amilar discusaons from other localities ; suffice it to call 
attention to kj important a class of phenomena. The subjoined Table rfiows &€ results 
of this kst-mentioned inquiry, and on Plate XIX. are found the lunar-diurnal varktion 
curves for the priods above delineated. 


Table III. — Lunar-diumal Variation of the Magnetic Declination for the periods May 
1858 to April 1859, and May 1860 to April 1861. 


1st. From the superior to the inferior passage. 


1 Dedinatioa of the 

May 

to 

April 

1 Lunar hours. j 

SOQ. 

Moon. 

0. 

1, 

2, 

3. 

4. 

5. 

6. 

7. : 

8. 

9. 

10. 

n. 




+i2'i8 ; 

+f^37 

+ 'kl 

- W1 

- 4-98 

- 8-14 

- S-48 

-12-63 

- 2-15 

j 

+ 3*82 

+ '5-84 

+ 3*29 



1l8|f 

+ 4-16 i 

+ 4*57 

+ 8-85 

+ 4*48 

- 1*35 

- 289 i 

-10*30 

- 2 -88 

- 5-98 

- 5 -24 

+ 3-45 

+13*55 


s 

7*811 

+ 5-47 

+ 94)0 

+ 9-24 

- 6-95 

-12-02 

- 2-29 

-1175 

-1639 

- 7-90 

+ 0-55 

- 1*89 

- 4-52 



\m 

+ 7*43 

+ 5-44 

+10-96 

+ 8-48 

- 1 85 j 

+ 2-05 

- 9-56 

+ 2*35 

- 7-87 

+ 0-20 

+ 4-49 

+11-63 


N. 


+20-35 

+ 18-73 

1+104)5 

+ 7-52 

+ 3 -64 { 

+ 2-46 

- 4-78 

- 8*42 

+ 5-20 

+ 7-96 

+14*83 

1+12-41 

” 


\\m 

+ 096 

+ 3-73 

+ 6-73 

+ 0-28 

- 0-82 

- 8-21 

-11-08 

- 7*40 

- 3 95 

-11-05 

+ 2*30 

+15-63 


2nd. From the inferior to the superior passage. 


[ Becfinattonof Uie 

May 

Lunar hoars. 

j Sun. 

Moon. 

April. 

12. 

13. i 14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

1 

jS.aadK, 


/18j 


+ 7-96 

+ 1-91 1 - 6-94 

- 4 -36 

-12*90 

- 6-81 

- 5-44 

- ^*93 

- ^27 

- 1-07 

+ f85 

+10*89 


tl8| 


+ 9-72 

+ 4-22 + 2-26 

+ 3*65 

- 2*44 

- 8*83 

- 4-73 

- 6-67 

- 6-09 

- 4-66 

+ 7-06 

+ 5-79 

1 


fl8j 


+ 0-93 

- 9*«) - 3-69 

+ 1*29 

- 9-57 

- 4*46 

- 2-78 

+ 1-66 

- 9-53 

- 7m 

- 2-03 

+ 4-00 

! » 1 

s. 

j 

i 1^ 

f 

+ 6-55 

-24^-721 

- 2 *51 j 

- 3*89 

-1338 

-10-58 

-10-36 

-11 12 

- 6-87 1 

+ 721 

+ 6-96 

1 1 




j +16-43 

+16*40 -10*75 

-10*83 ! 

-16*88 

- 955 I 

- 8*41 

- 8-24 

- 032 

+ 64)8 i 

+19-60 

+19-51 

” 

' 

11^ 

1 

+13*13 

+II-U +12*43 

+10-38 

- 0*98 

- 4*04 j 

+ 1-64 

- 2-89 

- 0-91 

- 2*42 

+ 6*91 

+ 4-60 


On Plate XIX, we represent furthermore the two annual curves of the same periods 
without reference to the moon’s declination, and we perceive tiiat there is a depression 
in the curve for 1860-61 near the moon’s upper transit, as likewise an increase of 
easterly declination near her inferior passage, while the curve for 1858-59 hears more 
tiie chamcter of the mean curves for five y^irs. 

The^ few fects may for the presmit suffice to induce those who are engagdi in similm* 
pursuits to enter upon such a laborious task as is the classification of m^etic obsarva- 
tions for tile purpo^ of examining into the law and nature of tiie Ifmar-diumd vmMon, 
according to the moon’s p<Mtion north or south of the equator. We may, 
rmt a^ured that such inquiries will ultimately prove to be conducive of the 




OS' 13IB MAGNETIC DECLINATION. 


§11 


benefit for the advaacemait of the ^ence of terrestrial magnetiran ; and I hope I haTe 
been snecmM in showing that for such a purpose it is not enough to inquire into the 
natare of the lunar-diumal curve variations only for the tune of the moon’s farthest 
Aviation horn &e equator, as has in several instances b^n the prM^tice. It is' indeed 
indi^i^sable for the ei^t investigation of the moon’s influence on the magnetism of our 
^rth, to extend the method of inquiry, which I have just ^plained in the exmnple of 
the magnetic dedination, to the other magnetic elements, for the lunar-diumal variation 
of the horissontal force also shows great differences according as the moon is to the 
north or the south of the equator. As far as my researches have as yet gone, I feel 
indined to believe that the results in this latter case are at least equally decisive with those 
which I have made the immediate subject of this short paper. As soon as the respec- 
tive di^msrions are brought to a close, I shall not fail to communicate the results of my 
labours in this direction to the Royal Society. 
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XVI. An EigMh Memoir on Qmntics. By A. Catlet, F.B.8. 

Eeeeived Jantiary S, — Bead January 17, 1867. 


The present Memoir relates mainly to the binary quintic, continuing the investigations 
in relation to this form contained in my Second, Third, and Fifth Memoirs on Quantics ; 
the investigations which it contains in relation to a quantic of any order are given with 
a view to their application to the quintic. All the invariants of a binary quintic (viz. 
those of the degrees 4, 8, 12, and 18) are given in the Memoirs above referred to, and 
also the covariants up to the degree 5 ; it was interesting to proceed one step further, 
viz. to the covariants of the degree 6 ; in fact, while for the degree 5 we obtain 3 cova- 
riants and a single syzygy, for the degree 6 we obtain only 2 covariants, but as many as 
7 syzygies ; one of these is, however, the syzygy of the degree 5 multiplied into the 
quintic itself, so that, excluding this derived syzygy, there remain (7—1=) 6 syzygies of 
the degree 6. The determination of the two covariants (Tables 83 and 84 post) and of 
the syzygies of the degree 6, occupies the commencement of the present Memoir. 

The remainder of the Memoir is in a great measure a reproduction (with various 
additions and developments) of researches contained jn Professor Sylvestee's Trilog}% 
and in a recent memoir by M. Heemite*. In particular, I establish in a more general 
form (defining for that purpose the functions which I call “ AuxiHars”) the theory which 
is the basis of Professor Sylvester’s criteria for the reality of the roots of a quintic 
equation, or, say, the theory of the determination of the character of an equation of any 
order. By way of illustration, 1 first apply this to the quartic equation ; and I then apply 
it to the quintic equation, following Professor Sylvester’s track, but so as to dispense 
altogether with his amphigenous surface, making the investigation to depend solely on 
the discussion of the bicom curve, which is a principal section of this surface. I explain 
the new fonn which M. Heemfpe has given to the Tschimhausen transformation, 
leading to a transformed equation thh coefficients whereof are aU invariants ; and, in the 
case of the quintic, I identify with my Tables his cubicovariants f i(r, y) and p/ar, y). 
And in the two new Tables, 86 and 86, 1 give the leading coefficients of the other two 
cubicovariants y) and y). In the transformed equation the second term (or 
that in z*) vanishes, and the coefficient 91 of z® is obtained as a quadric function of four 
indetermina^. The discuMion of this form led to criteria for the character of a quintic 
^mtion, expressed like thoi^ of Professor Sylvester in terms of invariants, but of a 

♦ SvLTBraB “On the Beal and of Algebraical Eijuations ; a Trilogy,’’ PhiL Trans, vol. 154 

(1864), pp. 578-686. Snsicm, “ Sar FEfuaticai da ^ deg^,” Comptes ^^ndm, t 61 ^ in a 

tmsk, Pans, 1866, 
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diferent msd 1©^ ample foim ; two such sets of criteria are obtamed,aiid the 
tion of riiese, aad of a third set resultiagfrom a se|mrate investigation, wirii the criteria 
of Prof^KjT Sylvestee, is a point made out in the present memoir. The theory is also 
given of the canonical form which is the mechanian by which M. Hismiri’s invesriga* 
tions were carried on. The Memoir contams other investigations and formuim in relation 
to the binary quintic ; and as part of the foregoing theory of the determinatimi of the 
character of an equation, 1 was led to consider the question of the imaginary Hn^tr trans*- 
formations which give rise to a real equation : this is discussed in the including articles 
of the memoir, and in an Annex I have given a somewhat singular analytical th^rmn 
arising thereout. 

The paragraphs and Tables are numbered consecutively with those of my former 
Memoirs on Quantics. I notice that in the Second Memoir, p. 126, we riiould have 
No. 26= (No. 19)*— 128 (No. 25), viz. the coefficient of the last term is 128 instead of 
1152. 

Article Nos. 251 to 254. — The Binary Q^iniic, Covariants and Syzygm of the degree 6. 

251. The number of asyzygetic covariants of any degree is obtained as in my Second 
Memoir on Quantics, Philosophical Transacticms, t 146 (1856), pp. 101-126, viz. by 
developing the function 

1 

(1 — a-) ( 1 —xz) (1 —a^z) (1 —a^z){\ — (1 —a^z) ’ 

as shown p 114, and then subtracting from each coefficient that which immediately 
precedes it ; or, what is the same thing, by developing the function 

l—a* 

(1 — ;?)(! — a?^) (1 — «*z){l —a^z){\ --a;^z}{l—s^ 2 ) ’ 

which would lead directly to the second of the two Tables which are there given ; the 
Table is thsre calculated cmly up to z®, hut I have since continued it up to z*®, ^ as to 
show the number of the asyzygetic covariants of every order in the variables up to the 
degr^ 18 in the cx)efficients, beiog the d^ree of the skew invariant, the highest of the 
irreducible invariants of the quintic. The Table is, for greater convenicame, arranged 
in a different form, as follows: — 
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S52. The interpretatioB ap to the.d^ee 6 is fts follows — 

Table No. 82. 


1 



CoBi^tution. Hos. Id ( } refer to Td^es in the fcansaer soemoirs eiB^pt (83) uid (84), l 

IS 

« I 

1 

1 


vhidi are given 

s 

o 

& 


^SQ 

0 

a 

1 

viz, the ab^tnte unity. 


1 

5 

1 

(13) 

N. 

f 

10 

1 

(W)’ 



€ 

1 

(15) 

N. 

« 


* 

<H) 

N, 

3 

u 

1 

(131» 



11 

1 

(13) (15) 

N. 

jj 

9 

1 

(18) 

*3 

7 

1 

(13) (14) 

N. 


s 

1 

(17) 


3 

1 

(16) 

N. 

4 

«» 

20 

16 

1 

1 

(1%15) 



14 

1 

(13) (18) 


>» 

12 

2 

(IS)*, (13)>(14) 


» 

10 

8 

6 

1 

2 

1 


N. 


4 

2 

(*«) (K)* 

N. 

» 

0 

1 

(19) 

N. 


25 

1 

(13)‘ 



21 

1 

(18)*(16) 



19 

1 

(13X08) 


« 

17 

2 

(13)*(14), (13)(15)« 



15 

2 

(13)'(17), (16)(18) 


>» 

13 

2 

(I3)>(16), (1S)(14)(15) 



11 

2 

(13)(*1)+(14)(18) -(15XI7)=0 

S. 

1 )» 

9 

3 

(IS) (14)', (13X*0), (16)(16) 

N. 

M 

7 

5 

2 

2 

Hsjo'gi,’ [h|(i6) 


3 

1 

(23) 

N. 

- 

1 

1 

(22) 

N. 

€ 

30 

1 ' 

(13)* 


»» 

26 

1 

(13)* (15) 


»» 

24 

1 

(13)* (18) 



22 

2 

(13)’ (15)^ , (13)*(14) 

(13) (15) (18), (13)»(17) 

(18)’ + 4(15)’ -f (13)’(16) -(13)’(14K15)=0 


»» 

20 

18 

2 

3 

S. 

„ 

16 

2 

(I3){n3)(21)-1- (13)(14)(18)- (15Wl7)} =0 

1^. 

„ 

14 

4 

-6(13) (15) (16)- 1(I7)(18) -4(14)(15/-f(13)’(20) =0, (13)’(14)’ 

• s. 


12 

3 

(13) (24) + 3(16) (18) -2(16)(21) =0, (13XHK17) 

4h4)’(15) +12(13)(14X16)- (isy'm) +(17)’ =0, (15X^) 

(13) (23) + 2(14) (21) -3(16)(17) -0 

■B. 

„ 

10 

4 

a 

» 

8 

2 

a 


6 

4 

(13) (22) + 2(14>(^) - (14)® -(16)(19)-0(16X=O 

a 

„ 

4 

1 

(84) 

N. 


2 

1 

(83) 

H. 
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25S. For the ^lanation of this I feoi^k that the Table No. 81 shows that we have 
for t^ 0 and order 0 one coTariant ; this is the absolnte constant unity ; for the 

deff^ 1 and order 6, 1 covariant, this is the qnintic itself, being the Table IJo. 13 of 
my Second Memok; for degree 2 and 'order 10, 1 corariant; this is the square of the 
qttmtic, {13)*; for same d^ee and order 6, 1 covariant, which had accordingly to be 
<^culated, viz. this is the Table No. 15 ; and similarly whenever the Table No. 81 indi- 
cates the existence of a covariant of any degree and order, and there does not exist a 
product of the covariants previously calculated, having the proper d^ee and order, 
then in each such case (shown in the last preceding Table by the letter N) a new cova- 
riant had to be calculated. On coming to d^ee 5, order 11, it appears that the number 
of asyzygetic invariants is only =2, whereas there exist of the right degree and order 
the 3 combinations (13)(21), (14)(18), and (15X17); there is here a syzygy, or linear 
relation between the combinations in question ; which syzygy had to be calculated, 
and was found to be as shown, {13X21)-|-(14)(18)--(15X17)=0, a result given in 
the Second Memoir, p. 126. Any such case is indicated by the letter S. At the place 
degree 6, order 16, we find a syzygy between the combinations (13)*(21), (13X14X18), 
(13)(15){1 7) ; as each term contains the factor (13), this is only the last-mentioned syzygy 
multiplied by (13), not a new syzygy, and I have written S' instead of S. The places 
degree 6, orders 18, 14, 12, 10, 8, 6 each of them indicate a syzygy, which syzygies, as 
being of the degree 6, were not given in the Second Memoir, and they were first calculated 
for the present Memoir. It is to be noticed that in some cases the combinations which 
might have entered into the syzygy do not all of them do so ; thus degree 6, order 14, the 
syzygy is between the four combinations (13)(15X16), (17)(18), (14)(15)*,and (13)*(20), 
and does not contain the remaining combination (13)*{14)*. The places d^ree 6, 
orders 4, 2, indicate each of them a new covariant, and these, as being of the degree 6, 
were not given in the Second Memoir, but had to be calculated for the present Memoir. 

264. I notice the following results : — 

Quadrinvt. (6 No. 20) = 3(19)*, 

Cubinvt. (6 No. 20) = -(19)*-h54(19)(25), 

Disci (a No. 14-f/3 No,83)=(-(19), (25), -3(29)Ja, jS)*, 

Jac. (No, 14, No. 20) = 6(84), 

Hess. (3 No. 16) = (83), 

the list two of which indicate the formation of the covariants given in the new Tables 
New. 83 and 84 : viz. if to avoid factions we take 8 times the Table No. 16, being a cubic 
{«, . . .)*(^, yf, thmi the Hassian thereof is a covariant (a, . . ,)®(^, which is given in 
T^le No. 83 ; and in like mminer if we form the Jacobian of the Tables Nos. 14 and 20, 
liriimh are r^jectively of the forms (u, . .)*(ar, y)*, and (a, . p)*, this is a c»variant 

(ci, . .)®(aJ, and dividing it by 6 to obtain the coefficients in their lowest terms, we 
have the new TaWe, No. 84. I have in these, for ^eater distinctne^, written the 
numeriod coefficients ingfi^d c£ h^ore, the Uteml terms to which they belong. 
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— 1 


- 1 

My 


^cdef ±5 

o*«y ± 1 

fdddf +2 1 

<Ae* 

-3 

fl*^V± 1 


-1 


-3 


- 1 

abedf^ 4-5 


4-2 

a^df* ± 1 

abed/ 

-5 

ai’cT ±2 

«5V/ 

- 1 

ahd^ef 

-5 

tO^ef 

.-5 

aic*/® ± 1 

abdd 

±5 

a6V 

+3 

abcdy 6 

adf* 

-3 

alM^ef 

-6 

mbcd 

- 8 

addef 

±7 

afic^fy +7 


— 10 

add 

±2 

abedt^ 

-1 

abd^^ 

±11 

aedy 

-1 

ab^e 

-1 

at?ef 

-‘10 

eted^d 

-8 

a^df 

-1 

addy 

±11 

ad*€ 

±3 

Ui?i? 

±6 

a<^d^ 

±18 

b^dp 

-3 

0dd^e 

-8 

aed^e 

-28 

ddf 

±3 

aee?* 

±3 

ad^ 

± 9 

b^d/^ 

±2 

bT 

_1 


- 1 

dedef 

-1 

b^cef 

±6 

Pdy 

- 8 

dcd 

-3 

b^dy 

±3 

5V 

± 9 


±6 

bW 

-3 

5W 

±11 


— 4 

h^t?df 

-8 

Pedy 

±18 

bdef 

-1 

bW 

-4 

b-ed^ 

-37 

bddy 

-8 

b-^cd^e 

±7 

h'^d^e 

± 8 

hddd 

±7 

m* 

-1 

bi?df 

-28 

bed^e 

±5 

be*/ 

4-3 

bd(^ 

± 8 

bd^ 

-3 

hdde 

+ 5 

bc‘d^e 

±37 

ddf 

±3 

bi?d^ 

-4 

bed* 

-17 

dd 

-1 

c®e 

-3 

cy 

± 9 

dd^e 

-4 

eW» 

4-2 

e*de 

-17 

dd* 

±2 



dd^ 

± 8 




±52 ±167 ±53 
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ddf* 



1 

dbdf 


4 

dedf 

± 6 

deef 

± 

4 

def ± 

1 

ddf 

± 

1 

dhdf 

± 

4 

dd^ef 

- 12 

ddf 

— 

4 

a*^f - 

3 

db<f* ± 

3 

ddf 

± 

4 

ddd 

± 6 

dddf 

— 

4 

ddf ± 

2 

dhdef 4 - 

2 

dcdef 

__ 

8 

dhdf 

- 6 

dd 

± 

4 

aby* - 

1 

dbd 

— 

5 

dcd 

± 

4 

ahdf 

± 12 

adef 

— 

4 

abef* — 

2 

ddef 

— 

8 

adeP 

± 

4 

ab(d 

- 36 

dbcdf 

± 

8 

abdf + 

8 

deed/ 4 - 

2 

addef ± 

16 

abdy 

± 48 

abcdf 

— 

16 

abddy ± 

2 

dedd 

± 

12 

«5V 

— 

24 

abdd 

— 12 

abdef 

± 

48 

abd - 

6 

dde 


6 

abdef 

_ 

48 

adf 

- 48 

abdd 

— 

32 

ad4r - 

2 

aby* 

— 

2 

abcdy ± 

40 

eddd 

±166 

ttddef 

— 

40 

addf + 

6 

adeef 

— 

2 

abcdd 

± 

40 

aede 
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ac*d 

± 

56 

aed^f - 

20 

addy 

_ 

6 

abePe 

— 

24 

ad* 

± 54 

acdy 

± 

8 

acdd ± 

12 

addd 

± 

13 

add/ 

— 

8 

d<f 

— 6 

acd^d 

— 

40 

ady ± 

9 

aiddf + 

20 

add 

± 

56 

ddf 

± 36 

ad*e 

± 

12 

add - 

6 

abdd 

± 

4 

adde 

— 

88 

ddf 
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ddf 

— 

4 

df* ± 

5 


— 

5^ 1 

aed* 

± 

36 

dedy 

-156 

ddf 

± 

24 

def* - 

12 

abd* 

± 

24 i 

h*f 

— 

4 

dd*e 

± 60 

dedf 

_ 

40 

dedf - 

13 

adf 


9 

dctf 

± 

32 

hddf 

±168 

dcd 

— 

60 

ddy- 

4 

ttdde 

± 

m 

ddf 

— 

56 

hdd 

— 6e 

b^y 

— 

5i 


15 

add 


10 

ddd 

± 

60 

bed* 

- 30 

bW 

±100 

^ bdf ± 

6 


± 

6 

dddf 

± 

40 

\ df 

— 54 

bdef 

± 

24 


52 

da^ 

— 

12 

ddd 

-10© 

1 ^ 

± 30 

hddf 

± 

88 

bdd - 

W 

ded 

_ 

15 

dcde 

— 
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dddd 

± 

80 

bed*/ - 
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dde 

± 

10 

m* 

± 
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bade 

—200 
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ddf 

± 

6 

uy 

— 

12 



bd 

± 

60 
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15 

ddde 

± 

30 

bdde 

±200 



ddf 
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df - 

24 

ded 

— 

20 

hdd 

-120 



dd 

— 

60 

ddf ± 

10 

hds 

— 

15 

de 

_ 
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dde 

±120 

ddd ± 
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bdd 

± 

10 

dd 
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dde - 
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Artide No. 25§. Formal fm' ## mnmM form <!?ar* 4 -%®-|-G 2 ®= 0 , whers a?-j-^4-z=:0. 
255. The quintic (a, <?, <1, expressed in tiie form 

wtere w, v, w are linear fonctions of such that Or, what is the same 

thing, the quintic may be represented in the canonical form , 

where this is ={a— c, —c, —c, — c, h^e\x,yy, and the different 

covariants and invariants of the quintic may hence be expressed in terms of these coeffi- 
cients (a, §, c). 

For the invariants we have 

No. 19 =J =5V+c®a®-}-a*5*— 

No. 25 =^=.a^lf<?{hc-\~€a-{-ah). 

-No. 29 =L=aW. 

No. 29A=I =4a®iV(5-cX^J~«)(a-^). 

Hence, writing for a moment 

a -fc =p, and .*. J 
Ic-^ca-^-ah^g K=r®^, 

ahc =r L=r^ 

we have 

{a — 1>f{h — — 4^® — 4y> V-}- 1 8pgr — 27r®, 

and thence 

P=16r‘®(i>®^-4^’-Vr4-18p^-27r^), 

and 

J(K»-JLX+8K»L-72JKL*-432L’ 

(j*- ^r)16jp^4- 8^"- {^- ^)72^- 432r*} 

= 8r*®{{/— 4jpr)(2^’— 9g)-f 5 ^— 54r*} 

= 1 6f *® { 4/— 4jpV-j- 1 8^5^r — 27r® } , 

that is, 

P= J(K>- JLX4- SK^L- 72 JKL^- 432LS 

which is the simplest mode of obtaining the expression for the square of the l8-thic or 
skew invariant I in terms of the invariants J, K, L of the degrees 4, 8, 12 respectively. 

No. 26=D= { +c)}*-128aW(^c-f 
=^^-82>-128^+16/r*, 

D=Norm((5cX+(o«}*-h(a5X). 

And we have al^ the followh^ mwiants: 

No. 14=(— ac, ae— — ^^3;^ yY 



Ho, l&s=s(— 00, — Sfl0, a 5 — oc—fe?, —8^0^ — 8i^, — f)® 

Ha 16 =( 0 , — «^0, — ®^0, 051^, ^f^ahes^z. 

No, 17= ( aV— '2«^)r® 

-f( — 5 / 20 * -f 650 * —6/250)3?*^ 

-l-( — 1000 *+ 1050 * — 2 a 50 ) 0 *^® ■ 

+( -1O00*+1O50* +2«50Xy‘ 

+( — 5fl0*+ 550* +5fl50)a;^* 

+(— 05 *— «0*+ 50 *+ 5 * 0 + 2 ff 50 ) 3 ^® 

=(5— 0)«*5:‘+(0— 0 ) 5 *^ +(a— 5)0 *j2® 

- 0^0(5?— rXz — ^PX^—3^){F+za:+0^). 


Article No. 266. — Espressim of the IB-thic Invariant in terms of the roots. 

256. It was remarked by Dr. Salmon, that for a quintic ( 0 , 5, 0, d, e^ffx., yf which 
is linearly transformable into the form (0, 0 , 0, 0 , 0, OJi’, y)*, the invariant I is = 0 . 
Now putting for convenience ^= 1 , and considering for a moment the equation 
— / 3 X^— y)(^-“ «)=0, 


then writing herein for a:, the transformed equation is 

a;( 0 — j3'){a?— yX^^^’X^— 0=^? 

where 


^'= 


1 — »*j8' 


y=-^, 

^ 1— »i7 


&c. ; 


hence ?» may be so determined that /S'+y' may be =0; viz. this will be the case if 
^+y= 2 m^y, or 10= In order that ^+8^ may be = 0 , we must of cou3*se have 

and hence the condition that simultaneously / 3 '+y =0 and ^+f':=0 is 

; that is, (/ 3 +y)Bs— / 3 y( 5 +«)= 0 . Or putting a:— a for s; and a, y— 0, &c. 

ftnr | 3 , y, &c,, we have tiie equaticm 

(ar— aX^*~)3X«— yX^ — 5X^— 0 “ 


which is by the transformation a?— a into 


changed into 


(a:— ■“ X^“* ~ ® 

(where «'=«), and the condition in order that in tiie new equation it may be pcmdble 
to have dmultaneoudy /S' +5^— 2^=0, ^+«'— 2«/=0, is 

0+y— 2aX^‘~«X*"~®)~'(^4’«“"2«X^^«XV"^*)^®5 
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<», m tbk he wnttera, 

1 , , «* = 0 . 

ii ^+1'. ft' 

1, i -f® 9 

Heace writiii^ w^m' for a?, the last-mentioned equation is the condition in order that 
t^e equation 

(a?— a)(ar— /3Xar—y)(4?~-iX^"” ®) = ^ 

may be transformable into 

4r(a?— /3'X^— 0=0, 

where jS'-l-y =0, 4-6'= 0, that is, into the form ^'*X^"” ^^*)=0. Or replacing y, 
if we have 

(a, h, c, d, e,fXx, yy=a{x-uy)(x—^){x-yy)(x—'iy){x—y), 

then the equation in question is, the condition in order that this may be transformable 
into the form (<f, 0, 0, c', OJar, yf, that is, in order that the 18-thic invariant I may 

vanish. Hence observing that there are 15 determinants of the form in question, and 
that any root, for instance «, enters as a® in 3 of them and in the simple power a in the 
remain i ng 12, we see that the product 

am 1, 2a , 

1. /3+y. ft 

1, S-("®9 

contains each root in the power 18, and is consequently a rational and integral fimction 
of the coefficients of the degree 18, viz. save as to a numerical fector it is equal to the 
invariant I. And considering the equation (u, . .Jar, yy=0 as representing a range of 
points, the signification of the equation 1=0 is that, the pairs (/3, y) and f) being, 
prapedy selwted, the fifth point a is a focus or sibiconjugate point of the involution 
formM by the pairs (ft y) and (S, «). 

Artide Nos. 257 to 267 . — Theory of the deterrmnation of the Character of m EqttaMon; 
A%mUars; facultative and NonfarndtaMve ^ace. 

257. The equation {a, h,c., .Jar, y)’'=0 is a real equation if the ratios «: 5: c, . . of 
tile i^^ffidents are all real. In conmdering a given real equation, there is no loss of 
generality in ccnadmng the cxiefficients (a, c . .) as being themselves real, or in taking 
tiie coefficieat a to be =1 ^ ami it is also for the most part convenient to write ^asl, 
ai^ i^is til conffldmr the ^nation under the form (1, c . .Jr, 1)*=0. It will there- 
fMpe (unless the c<mtmry is expr^sed) be throughout assumed that the coeffid^ts 
(haycittda^ tiie c<^ficimt a when It is not put =1) are all of them real ; and, in speaking 
of my functus of the co^c^u^ it m assumal that these are rational and ip^^ral real 
fomsfeoi, ml timt any imXvm ti> these fimctimis are also r^. 

Hjoccxinxvii. 4 B 
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258. ^psrtioa (1, 5, e. . .X^?, 1)*=0, witib » real tmU aad 2^ i^^aar^ ro<^ m 
^d to haTe the di^uactor af-|-2^ ; thus a quiutie ^uatlou win haTe the charaotof 5f, 
3r4-2i, Of r4'4t, a<x»idiiig as its roots are all real, or as it has a aufie or two 
pairs, of imaginary roots. 

259. Consider any m functions (A, B, ... K) of the coefficisats, (^= or <®). ' For 
giren mlu^ of (A, B, , . . K), non conMtd that there is any m^rr^ponding «juation 
(that is, the conresponding values of the coefficients (^, c, . . .) may be of nec^ity ima- 
ginary), but attending only to those values of (A, B, . . . K) which have a cK^rrespoaidmg 
equation or «>rresponding equations, let it be assumed that the equations which 
correspond to a given set of values of (A, B, . . . K) have a determinate character (one 
and the ^me for all such equations) : this a^umption is of course a condition impo^ 
on the form of the functions (A, B, . . . K) ; and any functions satisjfying the <x>ndition 
are said to be “ auxiliars.” It may be remarked that the n coefficients (5, c, . . .) are 
themselves auxiliars ; in fact for given values of the coefficients there is only a single 
equation, which equation has of course a determinate character. To fix the ideas we may 
consider the auxiliars (A, B, . . . K) as the coordinates of a point in m-dimensional spac^, 
or say in m-space. 

260. Any given point in the w-space is either “ facultative,” that is, we have corre- 
sponding thereto an equation or equations (and if more than one equation then by what 
precedes these equations have all of them the same character), or else it is “ non-faculta- 
tive,” that is, the point has no corresponding equation, 

261. The entire system of facultative points forms a region or regions, and the entire 
system of non-facultative points a region or regions ; and the w-space is thus divided 
into fecultative and non-facultative regions. The sur&ce which divides the facultative 
and non-fecultative regions may be spoken of simply as the bounding surface, whether 
the same be analytic^ly a single surface, or consist of portions of more than one 
smrface. 

‘ 262. Consider the discriminant D, and to fix the ideas let the sign be determined m 
such wise that D is + or — according as the number of imaginary roots iss 0 (mod. 4), 
ur is =2 (mod. 4); then expressing the equation D=0 in terms of the auxiliars 
(A, B, . . . K), we have a surface, say the discriminatrix, dividing the m-spat»into r^ons 
for which D is +, and for which D is — , or, say, into positive and n^ative r^ons. 

263. A given fecultative or non-facultative region may be wholly pc^tive or wdiolly 
native, or it may be intersected by the discriminatrix and thus divided into positive 
Mid negative r^ons. Hence taking account of the division by the di^riminatrix, but 
attending ctaly to the facultative regimiB, we have positive l^ultative regions and na- 
tive fMmltative r^ons. Now uring the simple term r^on to dmote indifemfiy a 
poritive facultative region or a negative facultative region, it appears firom the vary 
notion of a region as almve explained th^ we may pass from my pomt in a givm 
to any other pomt in the same re^on without traversing either toe hounffii^ or 

the diMjriminatrix,* it foMows to^ toe ^nations wMdi to toe sevei^ 
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df jttBBie T^m have e®& of tliem (me and the mme idiaracter ; that is, to a 
f%ioa there correspond ^mtions of a given character, 

264. It is |ffoper to mmmk: that there may very well be two’ or more regions 

which have (x>rresponding to them equations with the same character; any such 
re^ons may he a^odated together and considered as forming a kingdom ; the* number 
irf kingdoms is of (»ur^ equal to the number of (haracters, viz. it is or 

according as n is even or odd; and this being so, the general concludon from 
Ore pr^j^lng considerations is that the whole of fecultative space will be divided into 
kingdoms, such that to a given kingdom there correspond equations having a given 
character; and conversely, that the equations with a given character correspond to a 
given kingdom. Hence (the characters for the several kingdoms being a^jertained) 
knowing in what kingdom is situate a point (A, B, . , . K), we know also the charister of 
the corresponding equations. 

265. Any conditions which determine in what kingdom is situate the point (A, B, . . . K) 

which belongs to a g^veu equation (1, 5, <? . . 1)*=0, determine therefore the character 

of the equation. It is very important to notice that the form of these conditions is to a 
certain extent indeterminate ; for if to a given kingdom we attach any portion or por- 
tions of non-facultative space, then any condition or conditions which confine the point 
(A, B, . . . K) to the resulting aggregate portion of space, in effect confine it to the 
kingdom in question ; for of the points within the aggregate portion of space it is only 
those within the kingdom which have corresponding to them an equation, and therefore, 
if the coefficients (^, (?, . . .) of the given equation are such as to give to the auxiliars 
(A, B, . . . K) values which correspond to a point situate within the above-mentioned 
aggregate portion of space, such point will of necessity be within the kingdom. 

266. In the case where the auxiliars are the coefficients (b, c, . . .), to any given values 

of the auxiliars there corresponds an equation, that is, all space is facultative space. , 
And the division into regions or kingdoms is effected by means of the discriminatrix, or 
surface D=0, alone. Thus in the case of the quadric equat^ion (1, x, the 

m-spac« is the plane. We have D=a;® — y, and the discriminatrix is thus the para- 
bola a?®--y=0. There are two kingdoms, each consisting of a single region, viz. the 
podtive kingdom or region (a?*— y=4-) outside the parabola, and the n^ative kingdom 
or region {^— ) inside the parabola, which have the characters 2r and 2«, or corre- 
spond to the cases of two real roots and two imaginary roots, respectively. And the 
like^as regards the cubic (1, 4r, y, 1)*=6; the m-space is here ordinary spacje* 
I>=— and the division into kingdoms is effected by means 
of sur&ce D=0 ; but as in this case there are only the two characters 3r and r-j-2*, 

can he only the two kingdoms D=-f and D=«— having these characters ^ and 
f 4*2i r^^tively, and the determination of the character of the cubic equation is thus 
witimut ite being nef^maj to proceed further, or inquire as to the form or 
nimter of re^ns determined by frie surface D=0 : I believe that th^ are only 
two i^ioBS, so Aat in this case ^so kingdom condste of a single le^on. But pro- 

4b2 
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ift taiie gaan^er, ^ with M imxillliPS^ t# 13b^ 

GStM/d g£ a qi^urtic e^oa^on, .tiie ^^pace is here a 4*diii^isi<Mal s|iai^ m lihfUt w@ 
by an. ^oa&^lcal diseassioa show how tiiie 4>s^^ is by tihe or 

hy^i^Rizi^^ D=sO idirid^ into kingdoms ha'^bog the fdiarac^^rs 4f, 2r-|“^ ^ 
tn^ely, 'Ute employment therefore of the coefficimits as ans3liii% al^ioa^ 

tikeoretkally applicable to an ^nation of any ardet whatever, can m pac^<^ be ap^ed 
^y to the ca^s for which a geometrical illustration is in fact unnec^^i^. 

M7* I will consider in a different manner the case of the quartic, dbi^ as an in^n^ 
of ike mutual employment of a surface in the discusdon of the character oi an ^ita^Em; 
for in the ^se of a quintic the auxiliars are in the sequel selected in sudi mannmr tixat 
toe suifoce breaks up into a plane and cylinder, and the discussion is in feet ahn^ 
in^pc^ent of toe surfoce, being conductoi by means of the curve (Proi^mi BjhYmmn'& 
Bicom) which is toe intersection of the plane and cylinder. 

Article Nos. 268-273 . — AppUeaMm to the QuarUc equaUon. 

268. Considering then the quartic equation (a, c, d, 1)‘=0 (I retain for sym- 
metry the coefficient «, but suppose it to be =1, or at all events positive), then if I, J 
signify as usual, and if for a moment 

^=a*d — 3a5c+2o®, 

N:=8aJ+2(^-ac)I, 

we have identically 

(see my paper, “A discussion of toe Sturmian Constants for Cubic and QuarticEquations,” 
Quart Math. Joum. t. iv. (1861) pp. 7-12). And I write 
x^h^'—ac, 
y = SflJ -}- 2(^* — «c)I, 

r=r-27P(=I>). 

269. I borrow from Stubm’s theorem the conclusion (but nothing else than this con- 
clusion) that (x, y, z) po^ess the fundamental property of auxiliars (that is, that the 
quartic equations (if any) corresponding to a given system of values of (x, y, z) have one 
and toe ®mie character). The foregoing equation gives 9ar*y*— = a square 
function, mid therefore positive; that is, the facultative portion of space is tha| for 
which 9^y®— y® is =-f . And toe equation 

r’(9y*— z)— /=0 

is that of toe boimdmg surfoco, toviding toe facultative ncm-fomil^ve pm^cms of 
spmo, 

270. To mqilmn toe form of toe surface we may iir^iine toe ^mie of ^ to be 
of toe {^pmr, mid the pc^tive direc^n of toe axis of 0 to be m femt of toe 
T^ing z constot, or conddering toe ^toms by planes pm^el to to^ of jy. 
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Ss»§, )«§, ^ ifc# sec^cm is the f ssO, or luiis of an twice, a»i tfee 

€«^il 

jsss-l-, iiie eiir?e 5 ?®=^^;;;^ has two asymptotes parallel to and equidistant 

from the axis of ip, and (xmsists of a brmicli included between the two parallel afydiptotes, 
ai^ two oOier portions branches outside the asymptotes, as diown in the figure ( 2 = -f-). 

2 =—, tiie curve asymptote, and consists of a tingle branch, 

re^mbling in its appearance the cubical parabola as shown in the figure —). 


(« + ) 



(^=-) 



Taking x as constant, or considering the sections by planes parallel to that of 2 ^, the 
equation of the section is 2=9y*— ^,rwhich is a cubical parabola, meeting the plane of 

in a point on the cubical parabola ^=9^, and also in a twofold point on the axis of 
ar, that is, touching the plane of xy at the last-mentioned point. 

271. The surface consists of a single sheet extending to infinity, the form of which is 
most eatily understood by considering the sections by a system of spheres having the 
origin of coordinates for their common centre. These sections have all of them the same 
general form ; and one of them is shown (Plate XX. fig. 1), the projection being ortho- 
gonal on the plane of xy or plane of the paper, and the spherical curve being shown, the 
portion of it above the plane of the paper by a continuous line, that below it by a dotted 
line (the double point in the figure is thus of course only an apparent one) : the same 
figure shows also the s^tions by planes parallel to that of xy previously shown in the 
jSgares ( 2 =H“) and ( 2 =--), 

272. How contidering the ^^dmixmfrix I>=0, in this case the plmie 2 = 0, it app^ym 
tihat the hounding surfa^ and tins plane divide space into tix regions, viz. above the 
^iane of tiie we have the fimr r^ons, A ntm-facultative, B &cultotive. A' fecml- 
t^ve, mmActtltetive, and below it the two r^kms, C facultative, 0 non-fecultative. 
•^ere are tiras in all three facnltetive r^ions A^ B, C, and since A' and B correspond 
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fo I> 2 = +, have tlie diiuracters 4r and 4*, and it is mMf by a>tisideii^ % 

ticalar tiO show that B bs^ the character 4r, and tbe chaxiMst^ 4i; C cbBre^wnis 
to I>=— , and can therefore only have the chamcter 2f+2f. fm mf gi^en 

^nation, (s, z) wfll lie in one of the r^ons (B, A', C), and if (a?, y^ z) 
is in the region B , the character is 4r, 

„ C, „ • 2r+2i. 

273, It is right to notice that the determination of the character is i*^dly made in 
what precedes ; the determination of the analytical criteria of the different characters k 
a mere corollary ; to obtain these it is only necessary to remark that 

2 = -j- , -f- , y = -)- includes the whole of facultative region B, 

that is, {x, y, z) being each positive, the character is 4r ; 


= +, ir=+, y= — 
^=z-,3^r=-. 


} include each a part and together the whole 
of fecultative region A', 


that is, z being -f , but (a:, y) not each positive, the character is it ; 


2=— , '1*=+, y=-h 
» a?=+,y=- 

„ 57=-; y=- 

a=:-,a;=~,y= + 


} include each a part and together the whole 
of facultative region C, 

does not include any facultative space, 


that is, z being — , the character is 2r^2i; and the combination of signs , ar=— , 

yz= -|- is one which does not exist. 

The results thus agree with those furnished by Sturm’s theorem ; and in particular 
the impossibility of 5=—, ir=— , y=+ appears from Sturm’s theorem, inasmuch as 
his combination would give a gain instead of a loss of changes of sign. 


Article Nos. 274 to 286 . — Determination of the characters of the qmnUc 
274. Passing now to the case of the quintic, I write 

J= No. 19, 

K= No. 25, 

D= No. 26, 

L=~No. 29, 

I = No. 29A; 


viz. J is the quartinvariant, K and D are octinvariants (D the dkcadminant), L is l2-thic 
invariant, and I is the 18-thic or skew invariant. Hence also J, D, 2“L— are invar 
riants of the d^ees 4, 8, 12 respectively; and forming the combinations 


2UL— 1* D -r 

X p — , 
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I iHimme is, p, u) me atixpib^ for the coDckding articles of the present 

SQ^clr the .i^omderations which sn^ain this assumption. 

‘ 27i. The serration into regions is effected as follows: — We haT?e identically (see mife. 
Ho, 25S) 

16F== JH*+8LB:*-.2PLK®--72JPK---4S2P4-PL= , , ' 


or putlh^ for K its valuer: yI^P—B), this is 


Or writing as above 


whence also 


this is 


2®P= J(P-D)*+&c. 

= (J^-2"L)*(P-~3®.2*«L) 
+DJ(~4J«+61.2«PL+144.2’»L*) 
-f-B*J^( 6P-2'*.29L) 

-bB* {~4P- 2‘“L) 

4-B^J. 


l-fdr=i 


2»L 
J* ’ 


+y {36(l+ar)--W+«-)-4} 

+y{-4(l+a:)-4} 


+?r, 

or, what is the same thing, 

2.2”p=: -Sx‘-x‘ 

+jf{72®’+206®+125) 
+/(-29a:-17) 
4-/(-ir— 9) 

+y.2 

p) suppose. 


276. Hence also writing 2 =J, we have 

*?(i;,jr)=2.2”j-‘=+ 


or the equation of the bounding surface may be taken to be 

^at is, the bcnznding mirface is compo^ of the plane 2 = 0 , and the cylinder p(s, y)=0. 
Taking the pkim of the paper for fee plane 2 = 0 , the cylinder meets this plane in a 
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curve wldi^ kPro&^r SYLV^sm’s Bi^m: tib& carve Sivite; ^ |toe 

into certain r^ons, and if we attend to the solid %are and ini^iad the imrve 

the cylindar, I8i^ to i^h r^on of the plane there correi|ioi^ m m^b two i^ons, 
one in front of, the other behind the plane r^on, and of these r^ons in mUi&^ caae is 
i^ndtetiTO, the other is non-frcultative (viz. for given values of {w, y), whatev^ be the 
si^ of ^ 4 ?, ^), then for a certain sign of z, z(f(a:, y) will 1^ pcMtive or €ie sc#i i^on 
win be fecultative, and for the opposite sign of z, z<p{x, y) will be n^Mve or the 
r^on win be fecultative). It hence appears that we may attend only to frie plane 
regions, and that (the proper sign being attributed to z, that is to J) eadh of th^ may 
be r^mded as frcultative. It is to be added that the discriminatrix is in the pre^nt 
case the plane y=0, or, if we attend only to the plane figure, it is the line ^=0 ; so that 
in the plane figure the separation into regions is effected by means of the Bioorn and 
the Hne ^=0. 

277. Reverting to the equation of the Bicom, and considering first the form at infi- 
nity, the intersections of the curve by the line infinity are given by the equation 
^(2^— r)=0, viz. there is a threefold intersection y®=0, and a simple intersection 
2^— 4 r= 0 ,* the equation ^=0 indicates that the intersection in question is a point of 
inflexion, the tangent at the inflexion (or stationary tangent) being of course the line 
infinity ; the visible effect is, however, only that the direction of the branch is ultimately 
parallel to the axis of x. The equation 2y— 4r=0 indicates an asymptote parallel to 
this Hne, and the equation of the asymptote is easily found to he 2^— 4?-|-52=:0. 

278. The discussion of the equation would show that the curve has an ordinary cusp ; 
and a cusp of the second kind, or node-cusp, equivalent to a cusp and node ; the curve 
is therefore a unicursal curve, or the coordinates are expressible rationaliy in terms of a 
parameter ; we in feet have 

whence also 

^=if(p+2). 

279. The curve maybe traced from these equations (see Plate, fig 2, where the bicom 
is delineated along with a cubic curve afterwards referred to) : as ^ extends from an 
indefinitely small positive value i through infinity to — 1— g, we have the upper branch 
of the curve, viz. 

^=g, gives 00 , y=. — oo , point at infinity, the tangent being horizontal. 

0 =QO , gives x-=. — 1, yz=. -fr, the node-cusp, tangent parallel to axis of y, 

~2, gives 4?=0, f =0, the tangent at this point being the axis of 4 ?. 

— 1— gives 4r=:co , ^=-f , point at infinity along the asymptote. 

And as ^ extends from 4?=— l-f-g to 47 =— g, we have the lower bmnefe, viz. 

^= 5 :— 1 -j-g, ^ves 4 r=— Qo , ^ 5 =— .00 , point at infinity along the as|m^«^ 
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f, ^p=— 76ff, ^=:— 41-1 ; the cusp, shown in the %ure out of its proper posi- 
ticm (observe that for — 76ff» we have for the asymptote ^=— 40ff, so that 
the distance below the asymptote is =fy; Professor Stlvestie’s value ^=—25 
for the ordinate of the cusp is an obvious error of calculation), 

^=— g, g^ves ^=—00 , — 00 , point at infinity, the tangent being horizontal. 

The class of the curve is =4. 

280. The node-cusp counts as a node, a cusp, an inflexion, and a double tangent ; the 
node-cusp absorbs therefore (6-f84-l=)lb inflexions, and the other cusp 8 inflexions; 
there remains therefore (24—15—8=) 1 inflexion, viz. this is the inflexion at infinity, 
having the line infinity for tangent ; there is not, besides the tangent at the node-cusp, 
any other double tangent of the curve. 

281. The form of the Bicom, so far as it is material for the discussion, is also shovm 
in the Plate, fig 3, and it thereby appears that it divides the plane into three regions ; 
viz. these are the regions PQE and S, for each of which ^) is =— , and the region 
TU, for which ^) is =-|- ; that is, for PQB and S we must have J= — , and for 
TII we must have J=-f . Hence in connexion with the bicom, considering the line 
^=0, we have the six regions P, Q, R, S, T, U. It has just been seen that for P, Q, R, S 
we have J = — , and for T, U we have J = -P ; and the sign of J being given, the equations 

Xz=z ^ . then fix for the several regions the signs of 2”L— P and D, as shown 

in the subjoined Table; by what precedes each of the six regions has a determinate 
character, which for R, S, and U (since here B is =— ) is at once seen to be 3r-f-2i, 
and which, as will presently appear, is ascertained to be 6r for P and r-{-U for Q and T. 

282. We have thus the Table 


p, 

B— h, 

J=-, 2“L-P=-h}5r, 

a, 


J=-, 2"L-P=- 

!?'-h4^, 

T, 

B=-h, 

J=+, 2‘^L-P=±j 

R, 

B=-, 

J=-, 2"L-P=±1 


s, 

B=-, 

J=-, 2"L-P=-fj 

|3r-h2i ; 

U, 

B=-, 

J=-h, 2”L-P=±j 



so that we have the kingdom 5r consisting of the single region P, the kingdom r-|-4? 
consisting of the regions Q and T, and the kingdom 3r+2f consisting of the regions 
R, S, and U. 

283. For a given equation if D is = — , the character is 3r-l-2i ; if B= -j- , J= +, the 
character is r-f-4i ; if D= -hi J= — , then, according as 2**L— P is = -f or is = — , the 
character is 5f or But in the last case the distinction between the characters 5r 

and r-h4* may be presented in a more general form, involving a parameter ph, arbitrary 
between certain limits. In fact dravring upwards from the origin, as in Plate, fig. 3, the 
lines a?— %=0 and a?-h3f=0) and between them any line whatever the point 
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|f), assuai^ to lie ia the i^on P or Q, will lie in Oie one or tiie other regi<m 
according as it lies on tlie one ade or the other side of the line in question, riz, in the 
region P if is = — , in the region Q if is = +• we have 

.+„=«=f±ia>, 

and J being by supposition negative, the sign of 2“L — is opposite to that of 
The region is thus P or Q according to the agn of 2“L— P-f /stJD ; and com- 
pleting the enunciation, we have, finally, the following criteria for the number of real 
roots of a given quintic equation, viz. 

If D= — , the character is 3rd-2*, 

If D = +1 J= then it is r+ii. 

But if D=-f-, J= — , then fjb being any number at pleasure between the limits -|-1 and 
—2, both inclusive, if 

2“L— the character is 5r, 

2nL-P+|!4JD=-, „ „ „ r+4i, 

284. The characters 5r of the region P and r-f 4^ of the regions Q and T may 'be 
ascertained by means of the equation («, 0, c, 0, OJ^, 1)®=0, that is 

^a#-i-10c^+5^)=0; 

there is always the real root ^=0, and the equation will thus have the character 5r or 
r-j-4i according as the reduced equation a^-l-10c^-|-5e=0 has the character 4r or U, 
It is clear that (a, e) must have the same sign, for otherwise ^ would have two real 
values, one positive, the other negative, and the character would be 2r+2«. And 
(«, e) having the same sign, then the character will be 4r, if ^ has two real positive 
values, that is, if 6c* is =— , and the sign of c be opposite to that of a and c, or, 
what is the same thing, if cc be = --- ; but if these two conditions are not satisfied, then 
the values of 5* will be imaginary, or else real and negative, and in either case the 
character will be 4r. 

285. Now, for the equation in question, putting in the Tables ^=^=/=0, we find 

D=256 

J = 16 cc {ae+^)i 
2‘’L-P= 2** cc*{2(ac- 

= -2^^ cc*(«c--5c*)(2aV-|-aVc*-}-8ac*c+5c®). 

We have by supposition D=: -{-» that is, ae= -f- ; hence J has the same sign ee ; whence 
if J=-f , then also cc=:4'> and the character is ii; that is the character of the r^on 
T is r-}-4*** ^ J= — , then also cc= — . But ae being = +, the sign of 2“L— P 

is the same as that of 5c®), and therefore the opposite of that of c5c--5c®: hence 

D=4-, J=— , the quartic equation has the character 4r or M according as 2“L— P is 
= -{- or . Whence the region P has the character 5r and the region 0 the 
character r+4/; and the demonstration is thus completed. 
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Article Nos. 286 to 29S. — Hikmitb’s form ^Tsohibnhaitsek’s trart^mmaUon, and 

afpUeation thereof to the quinMc. 


286. M. Heemite demonstrates the general theorem, that if y) be a given quantic 
of the ?i^th order, and y) any covariant thereof of the ordef n-~2, then considering 
the equation 1)=0, and writing 


f t) 
1) 


(where f,{x^ 1) is the derived function of f(x^ 1) in regard to xj, then eliminating a:, we 
have an equation in z, the coefficients whereof are all of them invariants o£ f(x, y). 

287. In particular for the quintic/(a?, y)=(a, c, e^f\x^ y)®, if 

y\ y). y)-> y) 


are any four covariant cubics, writing 

l)+uPi{x, l) + rfa(;g, \) + wip^{x, I) 

/>, 1) 


(viz. the numerator is a covariant cubic involving the indeterminate coefficients u, v, w) 
then, in the transformed equation in z, the coefficients are all of them invariants of the 
given quintic. Conducting the investigation by means of a certain canonical form, which 
will be referred in the sequel, he fixes the signification of his four covariant cubics, 
these being respectively covariant cubics of the degrees 3, 5, 7, and 9, defined as follows ; 
viz. starting with the form 


/. 

^fx 

yx\ 

— ar* 

a, 

b , 

^ 5 

d 

h, 

C , 

d , 

e 

c. 

d , 


f 


= -3 No. 16, 

= — 3{A, B, C, y)^ or {— 3A, — B, — C, y)% suppose, 

and considering also the quadric covariant 

(a, 13, y^x, yY, = No. 14, 
then ^ 1 , ^ 2 , ^ 3 , are derived from the form 

(A, B, C, DK®-,<^+2,y), ?y+;^2«ur+/3y))=, 

viz. we have 

=-3{A,B,C,D5:®,yr, 

P,(X, y) =+3{A, B, C, Wlx, 2«r+/%). 

y)} =— 3{A, B, C, Dir®, y) (—I3x-2yy, 2ax+^)% 

{f,(x, 3 f)} = + 3(A, B, C, DX ~^-2n, 2ca:+M‘< 

where {p,(x, y)) and {p,(x, y)} are the fimctione originally called by him p^x, y) and 

4c2 
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y): those intimately so <^led by him are 

3r)=4{^3(^, I/)} + y) {j= No. 19), 

y)=Hp,(a^, y)} + 3J^*(^, y)4-964;(ar, y), 

where 4i(^» y) is the cubicovariant (— 27A^D-|-9ABC— 2B^, . .5^^, y)* of f,(^, y), 
={— SA, — B, — C, — SDJar, y)®, wt supra. 

The covariant pj^s;, y) has the property that if the given quintic (a, , . yf con- 
tmns a square fector then pjp:, y) contains the &ctor ^4-my: \Pt{a:, y)} and 

\p^(w, y)} are covariants not possessing the property in question, and they were for this 
reason replaced by ^3(0:, y) and pj[x, y) which possess it, viz. ^g(ar, y) contains the factor 
h^my, and pj[x, y) contains (^+?wy)®, being thus a perfect cube when the given 
quintic contains a square factor. 

288. The covariants ^,(0:, y) and pj^x^ y) are included in my Tables, viz. we have 

y)=-3No. 16, 

^3(^7, y)=— No. 23 

(observe that in No. 23 the first coefficient vanishes if <7=0, ^=0, which is the property 
just referred to of ^3(4:, y)) ; the other two covariants, as being of the degree 7 and 9, are 
not included in my Tables, but I have calculated the leading coefficients of these cova- 
riants respectively, viz. 

Table No. 85 gives leading coefficient (or that of a^) in pj^x^ y), and 

Table No. 86 gives leading coefficient (or that of af) in p^(x^ y). 

The coefficients in question vanish for flr=:0, 5=0, that is, ^3(0;, y) and pj^x^ y) then 
each of them contain the factor y ; if the remaining coefficients of pj^x^ y) were calculated, 
it should then appear that for a=0, 5=0, those of ar®y, x^ would also vanish, and thus 
that pJix, y) would be a mere constant multiple of y®. 

Table No. 85. 


a^ce/^ + 1 


- 1 

Mp 

+ 

64 

Per 

JOn 

flSrfys 4-15 

aHedf 

- 94 

ah^^f 

— 

54 

i'def - 

144 

<^cUF/ -32 


+ 86 


— 

48 

5V + 

135 

B®e* + 16 

aWtf +106 

ah^cdef 

+ 

184 

+ 

108 



- 96 

ab^ce^ 

— 

135 

b'cd'f + 

288 


oV/’* 

+ 63 

aPdy 

— 

272 

bW - 

450 


i^edef 

-188 

abW 

+ 

243 

Pd^e + 

80 



+ 32 

abt^e/ 

- 

66 

PPdf - 

360 



+ 60 

ab(?dy 

+ 

212 

5W + 

135 


d*cd^^ 

+ 68 

ab(?d(^ 

+ 

148 

+ 

360 


a^d*e 

- 36 

abcdh 

— 

412 

Pcd^ - 

160 




abd^ 

+ 

144 

hPf + 

108 




ae*df 

— 

36 

hPde - 

180 




«cV 

— 

48 

bPd^ + 

80 




a^d^e 

+ . 

124 






ac^d* 

- 

48 



±32 

+415 


±1119 



+ 1294 



* M. Heemite, p. 17, bas erroneoudy written ^)+4Afi(a?, y), instead of 4 ^ 3 ( 07 , j(^, y ) ; riie 

h^T expression is that which he really makes nj^ and the formula in the text is eorr^. 
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5S3 


0 W* + 9 


- 9 


± 

120 


_ 

576 

bT 

± 192 

±21 

t^hcdp 

- 162 


— 

21 

ab*d^ 

± 

672 


- 1440 

a*d^^ -T8 


± 99 


± 

486 


— 

35^ 

b^d*P 

- 1?^ 

e*(^f ±48 


± 309 

€^b*cdef* 

— 

2160 

ah^^eP 

± 

3456 

¥ddf 

— dOSO 

; aWf 

± 12 


± 

1023 

ab^ed^f 

_ 

864 


± 2025 


- 240 


± 

120 

abhd^f 

± 

2094 


± 2592 


- 81 

(dbWf 

•— 

1053 

ahW 

_ 

3916 

hWf 

± 3546 


±1026 

e^b^de* 

± 

1314 

abH^ef 

± 

528 

b*edhf 

± 5280 


- 768 

^bdef 

— 

1863 

ab^d^d 

— 

45 

b*edd 

-13600 



- 788 

a%<?d^f 

± 

2538 

aPi?dP 

— 

2592 

h^dH 

- 4800 



~ 564 


± 

2340 

abWf 

— 

974^ 

b^d^e^ 

± 7800 


t^ede* 

±1056 


± 

672 

abWrf 

— 

8496 

b^e*f 

- 648 


c^d^ef 

± 756 

(^bcd^ef 

± 

2820 

aPdd^ 

± 

26610 

iWe/ 

-14040 



- 696 

a^bcdP^ 

— 

7812 

aPcd*f 

± 

8544 

bW 

± 3075 



j 

i^bd^f 

— 

3024 

aPcd*e 

— 

16650 

1 «w/ 

± 9120 




a'irfV 

± 

4572 

ab^d^e 

± 

720 

1 6WV 

±16350 1 




a^c^df 

— 

324 

ahdP 

± 

972 


-19200 




a®cV/ 

± 

3888 

abc*def 

± 

24048 

b^d^ 

± 4800 




a'<?d^ef 

— 

8748 

abc*t^ 

— 

4464 


± 4860 1 




— 

4800 

abi?d^f 

— 

15984 

1 

- 3240 

1 


d^e^d*/ 

± 

4248 

ahc^d^e^ 

— 

30108 

1 Pdde^ 

- 8100 

j 


aVrfV 

±14620 

ah<^d*e 

± 

35088 

1 Pdd^e 

± 9000 i 

i 


dcd'e 

— 

11448 

abed^ 

— 

8640 

hcH^ 

- 2400 



ddP 

± 

2692 

adef 

— 

7776 

\ 








add^f 

± 

5184 

1 








add^ 

+ 

12960 

1 

1 







ac*d^e 

_ 

14400 









add^ 

± 

3840 I 




±78 ±3258 ±41253 ± 124716 ±68640 


289. The equation in z is of the form 

2 +D^ +dZ +dZ+d=0, 


where D is the discriminant of the quintic and 91, §5, C, 13 denote rational and integral 
functions of the coefficients (a, b, c, d, e, f). And the covariants (pi(ar, ^), y). 

y)i y) having the values given to them above, the actual value of ^ is obtained 
as a quadric function of the indeterminates (#, u, v, w), viz. this is 

where Di=25AB-|-'16C, these quantities, and the quantity 
N(=D?-10ABD, 9B®D) 

afterwards spoken of, being in the notation of the present Memoir as follows : 


A = 
B = 
C = 
D = 

H = 


J 


-K 

9L-fJK 

D 

9(16L - JK), 
1152(18L*~JBX~K*). 


(=r No. 19), 

(=- No. 25), 

(=- 9 No. 294- No. 19. No. 25), 
(= No, 26), 
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290. If by estabiyimg two linear relations between tbe coefficients (^, % w) the 

equation 9[=:0 <mL be satisi^ {which in fact can be done by the solution of a quadric 
equation), then th^ quantities can be by means of the relations in question express 
as lin^tr functions of any two of them, say of v and w ; and then the next coefficient IS 
will be a cubic function (u, w)\ and the equation IS=0 will be satisfied by means of a 
cubic equation (% «c)®=0, that is, the transformed equation in z can be by means of the 
solutitm of a quadric and a cubic equation reduced to the trinomial form 

^+ 5 *+®= 0 . 

and M. Heemite shows that the equation 91=0 can be satisfied as above veiy simply, and 
that in two different ways, viz. 

' 291. 1\ g=0 if 

D,- lOAB )?;^ = 0, 

Bu^-^2D,uw ~(9BD -10AD>»=0, 
that is, N denoting as above, if 

292. 2®. Writing the expression for 91 in the form 

D.{f~Dt;'+2Dt^w-10ADw*)-hBD(10Ai'*-6^r-?^®-f9Dic^), 
then 91=0, if 

f — 2Ihiw~ 10 ADw* = 0, 

IOAc®-— 9 I>Kf*=0. 

These equations, writing therein 

t= «=U+5AW, ®= i V, «>=W, 

become 

p_V^+4UW=0, 

- 5AV ‘ + Sx/BTV + U‘+ lOAUW +(25A'- 9D)W”=0, 
the first of which is satisfied by the yalues 

T=gW-iu, V=fW+iU; 

and then substituting for T and V; the second equation will be also satisfied if only 
^“=5A-f3-v/D. 

Article Nos. 293 to 295. — ^Heemite’s application of the foregoing remits to the deter- 
mination of the Character of the guinMc equation. 

293. By considerations relating to the form 
p|[D,i!=-6BDft;-D(D.-10AB)e’]+D[-B»»+2D,«®+9BD-10AD,a;>]J, 

M. Heemite obtains criteria for the character of the quintic equation 1)=0. 
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63S 


294. If Bar—, the character is 3r-4-2*, but if B=+, then expressing the foregoing 
form as a sum of four squares affected with positive or native coefficients, the character 
will be hr or 2 -fie, according as the coeffidents are all positive, or are two positive and 
two negative. Whence, if N denote as above, then for ^ 

B=4-, K=— >, 01=4-? B=— , character is 5r, 


D=+,N=-,BB,=+1 

and > character is r^-4d; 

D=t,N=+ J 

and further, the combination B=4'» N=:— , B,=— ,B=4- cannot arise (Heemite’s 
first set of criteria). 

295. Again, from the equivalent form 

p|D,(!“-Di)“+2D«a.-10A4o’)+BD(10Ajr‘-6i!)-!t'‘+9r)tti>)|, 

which, if Of, oJ are the roots of the equation 9^— 10A^H-D=0, is 




then by similar reasoning it is concluded that 

D=-j-, 25A*— 9B=4"? A=~, N= — , character is 5r, 
D=-f, 25A»-9B=4-, A=-, N=+,| 

B— -j -5 25A^-— 9B= -i“» A~*4”5 i T‘\-4:i. 

B=4-, 25A^-9B=-, j 

(Heemite’s second set of criteria). 


Article Nos, 296 to 303 . — Comparison with the Criteria No. 283: the Nodal Cubic. 

296. For the discussion of Heemite’s results, it is to be observed that in the notation 
of the present Memoir we have 


A =: J, 

B= B, 

B,= 16L-JK=:Ti^2“L~P+JD), 
N= 18P-JKL-.K’ 


=|i{3».2“L>-14JL(P-D)-(J’-D)»} , 


or, putting as above, 


giiL-J® 

J3 » 


«nd 1 +*=*-^, 1 -^='-^ 


J*-D 
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we have 

A=: J, 

, B 

B = J V, 

Bi=t¥ 8'^*(^ -fy)* 

N=^J'{9(l+ir)>-8(l+a:Xl-y)-(l-y)’}, 

=^j'. {/-%“+ 8ay+ 9^‘+ lly+ lOiT} . 

It thus becomes necessary to consider the curve 

'K®, y)=y’-3y+%+9a:’+lly+10i’=0, 
the equation whereof may also be written 

9^:+4y+5=(y— l)v'25— 9y. 

297. This is a cubic curve, viz. it is a divergent parabola having for axis the line 
9ir’4’4:^+b=0, and its ordinates parallel to the axis of sc; and having moreover a node 
at the point a:=--l, ^=4-15 that is, at the node-cusp of the bicom ; the curve is thus 
a nodal cubic ; we may trace it directly from the equation, but it is to be noticed that 
qua nodal cubic it is a unicursal curve ; the coordinates sc, y are therefore rationally 
expressible in terms of a parameter 4 ; and it is easy to see that we in fact have 

81(.r+l)= W-8), 

9(y-l)=-^{4-8), 

whence also 

iy -18(4r~-4) 
dx 4'(34'“16) 

298. We see that 

4=00 , gives 3?=oo , y=. — go , point at infinity, the direction of the curve parallel 

to axis of X, 

4=9, „ x=:=0, y=0, the origin. 

4=8, „ x=:—l, y=-i-l, the node, tangent parallel to axis of y. 

4=\-, „ tangent parallel to the axis of y. 

4=4, „ a;=— y=^, tangent parallel to axis of x. 

4=0, „ ^=—1, ^= 4 1, the node. 

4=— 1, „ x=—^, y=:0. 

4 =—16, „ x= “76ff, ^=— 41f, the cusp of the bicom. 

4= —00 , „ x~ — <» , — 00 , point at infinity, direction of curve pamHel to axis 

of X. ' 

299. The Nodal Cubic is shown along with the Bicom, Plate, fig. 2 ; it cxjuasts of one 
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e^tlnooQS llsaej pa^ng from a point at infinity, tliFongfi the . ca^ of the bicora, on 
to Ae node^usp, then finming a loop so as to retnm to the node-ensp, again meeting 
the bicorn at the origin, and finally passing off to a point at infinity, the initial and 
nitimete directions of the curve being parallel to the axis of * 

800. It may be remarked that, masmnch as one of the branches of the cubic touches 
the bks)m at the node»cusp, the node-cusp counts as (4 -J- 2=) 6 intersections ; the inter- 
actions of the cubic with the bicom are therefore the cusp, the node-cusp, and the 
origin, counting together as{2-j-6-l-l=^)9 intersections, and besides these the point at 
infinity on the axis of connting as 3 intersections. This may be verified by substituting 
in the eqrmtion of the cubic the bicom Rvalues of ^ and We must, however, to 
include all the proper factors, first write the equation of the cubic in the homogeneous form 

(9s + %-|- 5r)®r-“ (y — j 5)“(252— • %) = 0, 
and herein substitute the values 

s:^: 24^-4) : (4i-{-2)’(4i-3)(p : (<p+l)4}’; 

the result is found to be 

4J*{(<P4-1X^<P'+6<P~9)*--(2<p+3)»(4(P»+4<p*+184J 4-27)1 = 

that is 

-V(<P+2X44}4-3)*=0; 

and considering this as an equation of the order 12, the roots are 4ii=:0, 3 times, 
2, 1 time; ^=— }, 2 times, and ^=oo , 6 times. 

301. The cubic curve divides the plane into 3 regions, which may be called respectively 
the loop, the antiloop, and the extra cubic ; for a point within the loop or antiloop, 
y) is =— , for a point in the extra cubic •*j/(s, y) is rs-f* If in conjunction with 
the cubic we consider the discriminatrix, or line ^=0, then we have in all six regions, 
viz. y being = + , three which may be called the loop, the triangle, and the upper 
region; and y being = — , three which maybe called the right, left, and under regions 
respectively ; the triangle and the under region form together the antiloop. 

302* It is now easy to discuss Heemite’s two sets of criteria ; the first set becomes 


y==4*, 5^—1 = -, J(^-hy) =+, 

y=+. %— iX®+y)=+, 

j'=+, 

y==+> j'“l=+) =— ) 


■^}/(s, ^)= — , character fir 


4{ar, y)=-] 

’K®> y)=+J 


character r-}-4t. 


yP(s, 3 ^)=—, cannot exist. 


Beferring to ike Plate, fig. 4, which diows a portion of the cubic and the bicom, 
then 1® the conditions ^=-1-, 4(^5 imply that the point (s^ y) is within the loop 

m witMn the triangle of the cubic; the condition ^—1==-- brings it to be within the 
triangle, and for any point within the triangle we have , whence also ifre con- 

^rion -4“ becomes J=: — ; hence the conditions amount to J= — , (ar, y) within 

the Maa^e ; but by the general theory (if, y), being within the triangle, tibat k, in the 
re^on P or T, if J='— , will of necessity be within the region P ; so that the condi- 
«IH3CCU:?IL 4 D 
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twiCT gife J»— , (s, f) r^oa P; the dianfecter being %, 

whidiisdg^ 

2°. f = -i- , 44^, f )ss: — , the paint (s, y) mn^ be witliin ilieloop, or wi&in ^e taaiuagte ; 
if (s, y) is mthin fee loop, feen^— lss= 4-» ^*f f =*1, and to con^Mon J(f — IX^+f )= 4" 
becomes J=— , fe[^ig,wehaveJ=— and{a:, ^)wifeintheloop,fefeatk,ia tor^onT. 
And ^aia, if {#, y) be within fee triangle, then 1=:~, s^y^-jrt ^ ooi^ton 
J{f— lX^-|“f)=+ still giws J=— ; but J=:--, and (^, y) within fee tmngle, feat is, 
in fee r^cmT or P, will of necessity be in fee r^on T; so that in mfeerca^ we have 
J=— , in the region T, which agrees wife fee character rd-4i. 

3®. y)=-^, (a:, y) is in fee upper region, feat is, in fee region Q mr T ; 

if (#, y) is in the region Q, then of necessity J=: — , and if in the region T, feen of neces- 
sity J= +? fe&f is, we have 

J=— , (^, ^) in the region Q, or 
J= -f-, (s^y) in the region P, 

which agrees wife the character r-\-4A. 

And it is to be observed that fee portions of T under 2® and 3® respectively make up 
fee wfeole of fee region T, and that 3® relates to fee whole of fee region Q, so that fee 
conditions allow the point (x^ y) to be anywhere in Q or T, which is right. 

4®. ^=4-, y)=— , ( 4 ?, y) is in the loop or the triangle, and then y— l=r-f 

implies that it is in the loop, whence x-\-y’=:. -f , and the conditionJ (a:-fy)=— becomes 
J= — ; we should therefore if the combination existed have J=: — , (a?, within fee loop, 
that is, in the region T ; but this is impossible. 

303. Hismite’s second set of criteria are 

y=+, J=— , - 4 .( 4 ;, y)=-, character 5r. 

y=+, ¥-?=+. J=— , 4'(®,S')=+j 

^= 4 ., ^'—y = 4 -, J= 4 I character r-}-4f. 

^=4-, y — , I 

1®. If ^= 4 *, y)— point (x^ y) must be situate within the loop or 

within fee triangle ; and recollecting that at the highest point of the loop we have ^ 
the condition 4 - is satisfied for every such point, and may therefore be omitted. 

The conditions therefore are J=— , {x^y) within the loop, feat is, in fee region T, or 
within fee toriangle, feat is, in the region P or fee region T j but for any point of T fee 
geneml feeory gives J= 4 -, and fee conditions are therefore J=^ — , (^, y) within fee 
region P ; which agrees wife fee character 6 r. 

2®. |f= 4, f}==4’» that is, ( 4 ?, y) is within the upper region, that is, in fee region 

Q or T ; and ^ — 3 ?= 4 , { 4 ?, y) wiU be within fee portions of Q and T wMch Me beneath 
the line but J=— , and ther^ore (x, y) cannot Me in the region T; hence fee 

conditions amount to J=— , y) wifein that portion which Mes beneath fee line 

of the region Q. . 
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Q or T ; bat J =-[-i f) cacaot lie in the r^ion P or Q j hence the conditions give 
J=4*s (^9 f) within the portion winch lies beneath the Hne of the region T. 

4*. ^ssr-h? , that is, (ar, y) lies above the line and therefdre in one 

of the r^ons T or Q ; ^d by the g^eral theory, according as (w, 5 ) lies in T or in Q, 
we rimll have J= 4 * 1= — , hence the conditions give 

jr=:~, (jr, y) within the portion which lies above the line region Q. 

J= 4 -, y) within the portion which lies above the line of the region T. 

2% 8 % and 4®, each of them agree with the character r-f-4^, and tc^ether they imply 
J= — , (^5 any where in the region Q, or else d= 4*5 (^9 y) anywhere in the region T ; 
which is right. 

Article Nos. 304 to 307 . — ^Heemite’s third set of Cnteria ; c<mp<mson wWi No. 283, 

md remarks. 

304. In the concluding portion of his memoir, M. Hebmite obtains a third set of 
criteria for the character of a quintic equation ; this is found by means of the equation 
for the function 

of the roots $ 3 , flj of the given quintic equation (a, 5, c, d, 1 )*= 0 . 

The function in question has 12 pairs of equal and opposite values, or it is determined 
by an equation of the form (%*, 1 )**=: 0 , which eqimtion is decomposable, not rationally 
but by the adjunction thereto of the square root of the discriminant, into two equations 
of the form (w®, 1 )®= 0 ; viz. one of these is 

+«'[i{a-v'A)’+A] 

— tt® d 

+«‘[i(a+v^)»+A]A 

+tt*(a-3v^)A> 

+ A®=0, 

aad the other is of coarse derived from it by reversing the sign of v^A. I have in the 
equation written (a, d) inst^ of £LeehI!^’b writing capitals A, D ; the sign — of the t^m 
in instead of 4 -» as printed in his memoir, is a correction communicated to me by . 
himself. Ute Signification of tiie symbols is in tiie authmr’s notation 
a=fi'*A, 

d=4,6®(AJ>— ^D,), 


4i>2 
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wbrntse, m tiffi mt^m. ^e present memoir, the expie^cwas t>f syMbdb are 
/a= 5*J, 

d= ^i5*‘t2“L-P- fJB), 

A= 5‘D. 


305. From tibe equation in u, taking therein the radical A as positive, M. BtesHfR 
obteins (d <0 a misteke for d> 0 ) the following as the nece^ary and sT^cieat condi* 
tions for the reality qf all the roots, 

A= 4 -j a4‘3v^A=— , d=-|-, character br 
(Heemite’s third set of criteria). 

306. It is clear that a-|-3\/ A=— is equivalent to (a=— and a*— 9A=-1-), and we 
have a*— 9A=6®(126J*— OF), so that the^ conditions for the character 6 r are 

D=+, J=~, 126P-9Dr=4-, 2"L-P-.fJD=:+. 


Now, writing as above, 


2“L-Js 




5 


these are y=-l-, J=— , y=4-, 1^=— ; the conditions ^=-f , J=— imply 

that (a?, y) is in the r^on P or the region Q ; and the condition ar— 1 ^= — (observe 
the line ar— 1^=0 lies between the lines ar-f*^= 0 , a; -' 2 ^= 0 , and so does not cut either 
the region P or the r^on Q) restricts (ar, y) to the region P ; and for every point of P 
^ is at most =1, and the condition ^=4" is of course satisfied. The condition, 
125J*— 9D=:-f, is thus wholly unnecessary, and omitting it, the conditions are 

D= 4 -, J=:— , 2"L— P— fJD=0, character 5r, 

which, — f being an admissible value of f*, agrees with the result mte. No. 283. 

307. It may be remarked in passing that if 12345 is a function of the roots (ar, , a^s, 
^ 3 , 5 : 4 , of a quintic equation, which function is such that it remains unalter^ by the 
cyclical permutation 12345 into 23451, and also by the reversal (12345 into 15432) of 
the order of the roots, so that the function has in fact the 12 values 


«, =12345, ft=24135, 

«,=13425, ft=32145, 

^=14235, ft=43125, 

«4=21435, A=1S245, 
a«=31245, ft=14325, 

%=41325, ft=12435, 

tiien ^(a, 13 ) bmng any us^ymmetric^ Ihnction of (», p^i^fqmdion having for its roote 
the tix values of ^(«, fi) (viz. f(aj, /3,), f(%, be mtpr^e^ ratio- 
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mHf m of tibe coefl^jiento (d Ae given quintac eqnati^ of iiie ojnare Tcx>t of 
tibe ^^arimiiifHit of this ^nation. In fstct, t? being arbitrary, write 
L=ns{»~<?5(a, ^)}, a)}, 

then the interchange of any two roots of the qnintic produces merely an interchange of 
die quantities L, M ; that is, 

li'f’hl and a^s, a^ 4 » 

are each of them unaltered by the interchange of any two roots, and are consequently 
expressible as rational functions of the coefficients ; or observing that ^ 3 , ^ 4 , 0 ^ 5 ) 

is a multiple of \/D, we have L a function of the form P-|-0\/B ; the equation L=0, 
the roots whereof are v=(p(o6y, /3 J . . . 'r=:<p(ag, ft), is consequently an equation of the 
fonn P+Qv^.D= 0 , viz. it is a sextic equation (#X^i l/= 0 j the oiefficimits of which 
m’e functions of the form in question. Hence in particular 

u^=zl2U^={Xi--x^)%x^-~-Xsy{Xs’-x^f(x^-~x,y{x,--~x^y 
is determined as above by an equation (#3C«^®»1)®=0. Another instance of such an 
equation is given by my memoir “ On a New Auxiliary Equation in the Theory of 
Equations of the Fifth Order,” Phil. Trans, t. 151 (1861), pp. 263-276. 

Article Noa 308 to 317 . — Hekmite’s Canonical form of the quiidic, 

308, It was remarked that M. Heemite*s investigations are conducted by means of a 
canonical form, viz. if A {=J, = No. 19 as above) be the quaxtinvariaut of the given 
qnintic (a, 5, c, d, e,/X^» then he in fact finds (X, Y) linear functions of (x, y) such 
that we have 

• (a, b, e, d, e, fjx, y)‘=(x, y/k, y.', x'XX, Y)‘ 

(viz. in the transformed form the two mean coefficients are equal ; this is a convenient 
assumption made in order to render the transformation completely definite, rather thmi 
an absolutely necessary one) ; and where moreover the quadricovariant (Table No. 14) of 
the transformed form is 

=VAXY, 

or, what is the same thing, the coefficients (X, ja, fjb', X) of the transformed form 

are connected by the relations 

X>~4^»v^-f3A=0, I 

xx^— 4‘2 A=>/aJ 

die advantage is a great rimplidity in the forms of the seveml covariants, which sim- 
ididty arl^ m a great measure foom the existence of the very simple covarimit opmator 

op^ting tiber^fh m mf covarmnt we obtain again a covariant). 
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309. Hie iir4@r of tlie seyeral stepS) Hie Hi^iy of M. Hi^foxiaar 

tion may be ^tabliHied as follows — 

SterHn^ fena Hie quintic 

(a,b,c,d,e,fX^,^y, 

and mnsidering Hie qnadricovariant Hiereof 

(a, |3, y5!^, pY Tab. No. 14 

((a, ^5 y) are of the d^jree 2), and also the linear coTariant 

Pr4-% Tab. No, 22 

({P, Q) are of the degree 5), we haye 

— 4ay=:A, . Tab. No. 19, 

and moreover 

(«,^,r5:Q,-P)*=-c, 

viz. the expression on the left hand, which is of the degree 12, and which is obviously 
an invariant, is =■— C, where C is (ut sujprd) 

C=9L4-JK=:~9No. 294-(No. 19)(No. 25). 

The Jacobian of the two forms, viz. 

2ar-}-^, /3r+2:^ , 

P , Q 

=:a<2aQ-./3P)+y(/3Q-.2Py), 
is. a linear covariaut of the degree 7, say it is 

=Fr+QV, 

and it is to be observed that the determinant PQ'— FQ of the two linear forms ^ 
= — 2(a, /3, ylJ^Q, — P)®, that is, it is =2C. 

310. Hence wiitii^ 

T=^(P*+(^)=^( X+Y), 

(-X+Y), 

whence also 

X=T,/A-i, 

Y=T^+^, 

the determinant of substitution feom (X, Y) to (T, U) is =2, that fi-om (T, U) to (w^p) 
is ^ 2C, = J, and <xmseqiiently Hi^ h<m (X, Y) to {#, f) is =1. 

We have 

AI'-U*=^|{/3*-4«yXP*+%r-{F*+Q'y)-}; 
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or for F, Q tbejr valties, ttiis is into 4(a, y^Q, — P)*(a4f +2|3a^H-5^), 

tkat is, we have 

AF~ U*=aar*-f i%-f ; 

and we have ako 

AF-IP=iV'^(X+Y)*-(X~Y)^]=^AXY, 

con^uentiy 

a^+^^4-yy*=AF-U*=:v/AXY. 

311. We have 

r=^( QT-QTJ), 
y=^(-PT+PU), 

SO that, pausing a moment to consider the transformation from (r,^) to (T, U), we have 
(a, h, c, d, «,/Xx, yy= —(a, b, c, d, a./IOT-QU, -PT+PU)‘ 

=^;^(a, b, c, d, e, f^T, tJ)‘ suppose, 

where (a, b, c, d, e, f) are invariants, of the degrees 36, 34, 32, 30, 28, 26 respectively; 
it follows that b, d, f each of them contain as a factor the 18thic invariant I, the 
remaining factors being of the orders 16, 12, 8 respectively. 

312. That (a, b, c, d, e, f) are invariants is almost self-evident; it may however be 
demonstrated as follows. Writing 

suppose, 

{irBj=55B.-f4cB4+3dd^+2eB,,-f-/B„ =1, „ 

then Por-f-Qy, P'4r4*QV being covariants, we have SP=0, SQ=P, 5F=:0, W==F, 
whence, treating T, U as constants, ^(Q'T— QU)=FT — PU, ^ — FT-f PU) = 0. Hence 
hla, b, <7, d, ^,/XQ'T-QU, ~FT+PU)* 

=:5(a, b, €, d, eXOT-QU, -FT+PU)^(-FT+PU) 

^^^a,b,€,d,eX „ » Y-( P^~PU) 

+^b,€,d,€,fX „ „ )* .0, 

the three lines arising from the operation with b on the coefficients (a, b, c, d, e, f) and 
on tiiefacients Q'T— QU and — FT-f-PH respectively; the third line vanishes of itself, 
and tibe other two destroy ^dh other, that is, 

I {a, h, c, d, e,/XCrT-QU, -FT-hPUy^O, and similarly 
lla, h c, d, ^,/XaT-QIJ, ~.FT4.PB)“=0, 
or the function (a, b, c, d, e, —PT+PU)®, treating therein T and U as 

is an invariant^ that is, the coefficients of the several terms thereof are aH invar 

Hants. 
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813. "Die for tlie coefficient (a, b, c, d, e, f) are in tbe firit iasfon^ 

obtained in tbe fom^ 

. a= 2{L+5MC4‘10C»), 
b=~2(L^-b3M'C)A 
c= 2(L+MC-2C*)A-^ 
d=:--2{L'-M'C), 
e=: 2(L-3MC-f2C»)A-*, 
f=~2(L'-5M'C)A-‘, 

where, developing M. Heemite’s expressions, 


72L= 

24M= 

24L'= 

24M'= 

Am + 1 

Am - 1 

ABI +1 

I + l 

A«C* + 1 

Am - 1 

Cl +5 


Am® + 6 

Am* - 3 



A*BC - 24 

ABC +12 



Am* + 9 

«Oi 



A*C* - 39 

C* +24 



A*B*C + 9 




ABC* +108 




e* +72 





and substituting these values, we find 


36a = 

36b= 

36c* 

36d* 

36e* 

36f* 

Am + 1 

A*BI - 3 

A«B + 1 

ABI - 3 

Am + 1 

Bl -3 

A®C* + 1 

ACI ~24 

Am + 1 

Cl -12 

Am + 1 


A«B* + 6 


Am* + 6 


Am* + 6 


Amc - 39 


Amc - 27 


A*BC -15 


A’B* + 9 


A*li» + 9 


AB» + 9 


A®C* - 64 


A*C* - 42 


AC* -30 


A*BC ~ 36 


tc^ 




ABC* + 288 


BC* +144 


Bm +36 j 


C* +1162 


1 

1 ! 




I have not thought it woxth while to make in these formulae the substitutions A=J, 
B=— K, C=9L-f-JK, which would give the expressions for (a, b, c, A f) in terms of 
J, K, L. 

314. Substituting for (rr, their values in terms of (X, Y), we have 
{ti,hyc^d,€,fja:,yy 

=ia,b,c,d,e,n^ (S+Q«'A)x+i^( ^-Q<'A)y, 

wc (w-^ M- 

=(k, fb, ¥, f', %!JX, Yf suppose. 


and by what precaies 


M;*+^+Mr'= v'AXY; 





this gites 
and thence 
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HB 


^ ABx^y, 

(aBJ-.i3ByB,-fyB*)®(a, b, c, d, e,fXw,yf 
=AB|B|.(X, fi, >/, (j(> tJJX, Yy 
=120A(vX+*/Y); 


the left hand side is a linear covariant of the degree 6, it is consequently a mere nume- 
rical multiple of and it is easy to verify that it is =120(Par-4-Cfy). (In fact 

writing §=d=^=0, the expression is (3c®BJ-“fi^^BJ®(aar*+10cary4-^)i and the only 
term which contains x is fly*.B®B®.10ca^y*=120a*<^.^; but for b=:d==e=0. Table 
No. 22 gives Vx=a^cf^x, and the coefficient 120 is thus verified.) But Vx-\-Q:y is 

=-^S(X-j-Y), and we have thus Ai'=Ay=-^^5 whence not onlyi'=i^, = ^^k suppose, 
but we have further A;= a result given by M. Heemite. 

315. Substituting for the value \/ it, we have 

(a,h,c,d,e,fXx,yy 


=K i, e,/I^-^(^+Q^A) x+^( -^-Q^A)y, 


=(X, p., ^k, s/k, p.', XOCX, Y)‘, 

and we have then a^-\-j3xy+yy'=:^ AXY, viz. the left-hand side being the quadrico- 
variant of (a, c, d, e, f\x^ y)®, the equation shows that the quadrico variant of the form 
(?i, jw., s/ky \/k fJy >/X ^5 ^ =\/AXY, and we thus arrive at the starting-point of 

Heemite’s theory. 

316. The coefficients (K, \/ k, fib', X') of Heemite’s form are by what precedes 

invariants ; they are consequently expressible in terms of the invariants A, B, C (and I). 
M. Heemite writes 



XX' ==^, fjbfjJ=:hy 


and he finds 



^=ff-Zh+2k, ■~=h-k, 

VA^ ’ 

or, what is the 

same thing, 



A3+3AB + C , AB-fC 

, C 


II 

II 

!5ri 

vT«’ 


which give gy hy k in terms of A, B, C, and then putting 


Az={w+im-ffhy-24w, =p 


(the equation P=A^A is in fact equivalent to the before-mentioned expression of T 
MBCKXJLXVII. , 4 e 
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in terms of thQ other invariants), the coefficients (X, fjJ, X) are expres^d in tmns 
of g, h, kf that is of A, B, C, viz. we have 

'T2-v/Fx =% -16^)^-9%+16^)-f(^~16^>v/A, 

24v/F/«' =9^+16M — v/A, 

2is/^gs'= 9^ + im A, 

72^¥gI^Hg ~16it)“-9%4.16>&)-{^~16i&)v^A ; 
these \'aiues of (X, /a, /*', X') could of course be at once expressed in terms of (J, K, L), 
but I have not thought it necessary to make the transformation. 

317. It has been already noticed that the linear covariant (No. 16, =Pa--[-Q^), was 
=:v/A (v^, Y), 

it is to be added that the septic covariant (Far-f-Q'^) is 
=V^(v^, Y), 

and that the canonical forms of the cubicovariants <p,(a7, y), &c. are as follows : 

(P,(x, y) =^1 (^, z^k, 3^*, 

Y) = A Jk, - v/i, -f*' IX, y/, 

{4>,(X, Y)} = - ^k, - v/1, IX, Y)», 

{^.(X,Y)}= K'(j^,-Zs/k, S^k, -f^'XX,Y)’, 


^^,(X,Y)=^/A^[ +py),' 

3( — 2fik), 

-3( ./F+p.«.’v^-2fi'*), 

.(i,(X, Y)=^A’{5^, -v4, x/*, 5p-IX, Y)». 


|(x,y)>. 


4i.(X, Y)=v^ 


I 


-f"96(2-v^F — Zfjtk -|- 
-3(3^/Av'i’-96( )), 

-j-S^Sv'^V^ — 96( — 2/,.'£)^, 

- (Ty^' +96(2yF-3p'i + pfi'*)) 


CX,Y)* 




or, as the last formula may also be written, 


1>.(X,Y)=v^[ 


53A+110*> -64yv^), 
-3((3j+161A- 90*>/*-64^y ), 

+ 3((3j+16U- 90*)./A-64V’ ). 

- {(7g- 63*+110%' -64X'/V*) 


i X, Y)*. 
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It is m fact by means of these comparatively simple canonical expresdons that M. Heemite 
was enabled to effect the calculation of the coefficient 

Article Nos. 318 to 326. — Theory of the imaginary linear tramformaUom whiehslead to 

a real eqmtim. 

318. An equation («, .. .'X/r, is real if the ratios a :b:e, &c. of the coeffi- 

cients are all real. In speaking of a given real equation there is no loss of generality 
in assuming that the coefficients (a, . .) are all real ; but if an equation presents 

itself in the form (a, c, . . ^)’*=0 with imaginary coefficients, it is to be borne in 

• mind that the equation may still be real ; viz. the coefficients may contain an imaginary 
common factor in such wise that throwing this out we obtain an equation with real 
coefficients. 

In what follows I use the term transformation to signify a linear transformation, and 
speak of equations connected by a linear transformation as derivable from each other. 
An imaginary transformation will in general convert a real into an imaginary equation ; 
and if the proposition were true universally, — ^viz. if it were true that the transformed 
equation was always imaginary — ^it would follow that a real equation derivable from a 
given real equation could then be derh’able from it only by a real transformation^ and 
that the two equations would have the same character. But any two equations having 
the same absolute invariants are derivable from each other, the two real equations 
would therefore be derivable from each other by a real transformation, and would thus 
have the same character ; that is, all the equations (if any) belonging to a given system 
of values of the absolute invariants would have a determinate character, and the absolute 
invariants would form a system of auxiliars. 

But it is not true that the imaginary transformation leads always to an imaginary 
equation ; to take the simplest case of exception, if the given real equation contains only 
even powers or only odd powers of x, then the imaginary transformation x : y into ix : y 
gives a real equation. And we are thus led to inquire in what cases an imaginary 
transformation gives a real equation. 

319. I consider the imaginary transformation x : y into 

(o+5i)j+(c+&> : (e-\-fi)x-^(g-\-hi)y, 
or, what is the same thing, I write 

x={a-\-U )X-f(c-|‘di)Y, 
y—\e -^fi )X-f (y -h hi)Y, 

and I seek to find P, Q real quantities such that Vx-^-Qy may be' transformed into a 
linear function EX+SY, wherein the ratio K : S is real, or, what is the same thing, sucffi 
tiiat BX-frSY may be the product of an imaginary constimt into a real linear function 
of (X, Y). This will be the ca^ if 

Tx+Qy , ={ 14 ‘^){P(aX+cY}+Q(^X-f^Y)}, 

that is if, 

P(gX+dY)+Q(/X-|-^Y)= » {P(«X+cY)+Q{eX4/Y)}, 

4 1 2 
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which implies the relations 

^P4-ya=^aP-f^Q> 

or, what is the same thing, 

(a-a^)P+(/-«^)Q=0, 

(^— c ^)P 4-(^ — ff^)Q = j 

and if the resulting value of P : Q be real, the last-mentioned equations give 
(ag—ce)&^—(ah-^bg^cf--de)0-\-bh-~df=O, 
and B being known, the ratio P : Q is determined rationally in terms of d. 

320. The equation in 0 will have its roots real, equal, or imaginary, according m 

(ah'{- bg-^cf^ dey—4:{ag-~€e)(bh-^ 

that is 

— ^ahbg— "lakcf— 2aMe—2bgGf-^ 2hgd€ — ^cfde 
■\-iadfgh-\- ibceh 

is =+) =0, or =— ; and I say that the transformation is subimaginary, neutral, and 
superimaginary in these three cases respectively. In the subimaginary case there are 
two functions, Po^’-j-Qy which satisfy the prescribed conditions; in the neutral case a 
single function ; in the superimaginary case no such function. But in the last-men- 
tioned case there are two conjugate imaginary functions, Pa^-f C^, which contain as 
factors thereof respectively two conjugate imaginaiy functions UX-j-VY. 

321. Hence replacing the original or, y, X, Y by real linear functions thereof, the 
subimaginary transformation is reduced to the transformation x : y into IcK . : Y, where k is 
im^inary; and the superimaginary transformation is reduced to x-\~iy : X’—iy into 
i:(X-f-^Y); (X— «Y), where k is imaginar)^ As regards the neutral transformation, it 
appears that this is equivalent to 

a?= (a-\- 5e)X-|- (c + d^)Y, 
y= (y4-4i)Y, 

with the condition 0=(ah^bgy-^4tagbh, =z[ah-~hgf^ that is, we have 5y=0, or 
without any real loss of generality y=a, A=5, or the transformation is 
X— [a-\‘bi)K-\-(c + de)Y, 
y=: ' (a^U)Y, 

that is, ^:y=X-f W : Y, k being imaginary. 

322. The original equation after any real transformation thereof, is still an equation 
of the form 

(«, ..,X4?,y)*=0; 

and if we consider first the neutral transformation, the transformed equation is 
(a,...XX+i:Y,Y)«=0; 

this is not a real equation except in the case where k is real. 
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823. F(Hr the superimaginaiy transformation, starting in like manner from 
Jr, y)"=0, this may he expressed in the form 

• • • ? a— a?— %)’*— 0, 

viz. when in a real equation {^, ^)’*=0 we make the transformation x : y into 
the coefficients of the transformed equation will form as above pairs of conjugate ima- 
ginaries. Proceeding in the last-mentioned equation to make the transformation 
x^iy : x—iy into ^(X+^Yj : X--«Y, I throw k into the form 

cos 2<p-f ^sin2(|5, =(co8<p-|-*sm<p)-T-(cos(Ji~^sm(p) 

(of course it is not here assumed that is real), or represent the transformation as that 
of x-\-iy : x—iy into (cos (p sin <p)(X4- aY) : (cos <p — ^ sin (p)(X— iY) ; the transformed 
equation thus is 

(a-|-/3i, . . . «— •/3^J(cos sin!p)(X-j-eY), (cos sin 9 )(X— ^T))*=0. 

The left-hand side consists of terms such as (X^-f-Y®)""** into 

(y-|-^^)(cos s(p-\-i sin 5^)(X-f ^T)*-|*(y— S^Xcos sip~~i sin s^)(X— fY)*, 
viz. the expression last written down is 

=(y cos 5^— 5 sin 5^){(X4* ^Y)'-}-(X— ^Y)*} 

— (y sm 5^-1-d cos 5^) j >> 

and observing that the expressions in { } are real, the transformed equation is only real 
if (y cos5<p— ^sm5^)-f-(ysins^4-^ COS5?!) be real, that is, in order that the transformed 
equation may be real, we must have tan s<pr=real ; and observing that if tan sp be equal 
to any given real quantity whatever, then the values of tan ip are all of them real, and 
that tan p real gives cos p and sin p each of them real, and therefore also p real, it 
appears that the transformed equation is only real for the transformation 
x-jr'iy : »^=(cos<p-fisin^)(X-f-iY) : (cosp»“^ sin<p)(X— ^T), 

wherein p is real ; and this is nothing else than the real transformation x : y into 
Xcos^— Ysin^ : Xsin ^-|-Y cos^. Hence neither in the case of the neutral trans- 
formation or in that of the superimaginary transformation can we have an imaginary 
transformation leading to a real equation. 

324. There remains only the subimaginary transformation, viz. this has been reduced 
to x:y into ^X : Y, the transformed equation is 

(a,...X^X,Y)**=0, 

and this will be a real equation if some power k^ of k (p not greater than n) be real, 
and if the equation (a, . .\x, ^)“=0 contain only terms wherein the index of x (or that 
of is a multiple of j?. Assuming that it is the index of y which is a multiple, the 
form of the equation is in fact x^[af^ (n=»^+a), and the transformed equation 

is ¥*')*= 0, which is a real ^nation. 
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S25. It is to be observed that if^ be odd, then writing (K real) and taking F 

tbe real ^tb root of K, then the very same transformed equation livouid be obtained by 
the real transformation s : ^ into : Y ; so that the ajuation obtained by the imaginary 
transformation, being also obtainable by a real transformation, has the same character 
as the original equation. 

326. Similarly if p be even, if K be real and positive, the equation has a real root 

Id which may be substituted for the imaginary it, and the tranrformed equation will have 
the same character as the original equation; but if K be negative, say K=— 1 (as may 
be a^umed without loss of generality), then there is no real transformation equivalent 
to the im^inary transformation, and the equation given by the imaginary transformation 
h^ not of necessity the same character as the original equation ; and there are in fact 
cases in which the character is altered. Thus if ^=2, and the original equatitm be 

|^)’"=0, or (ar*, y®)’"=0, then making the transformation x : y into ^*X : Y, the 
transformed equation will be X(X^ — Y^)"*=0 or (X®, -~Y®)”’=0, giving imaginary roots 
X®4’®Y®=0 corresponding to real roots r®— a^*=0. 

Article No. 327. — Ap^licatim to the auxiliars of a quintic. 

327, Applying what precedes to a quintic equation (ff, . . . . Jr, y)®=0, this after any 

real transformation whatever will assume the form (o', . . y)*=6j and the only 

cases in which we can have an imaginary transformation producing a real equation of 
an altered character is when this equation is (a', 0, (f, 0, OX^', y)®=0{<^ not = 0), or 

when it is {a!, 0, 0, 0, e', OX^, y)®=6# viz. when it is r'(«y^-l-10c'r'®y®-b5e'y)=0, or 

5^y^)=0. In the latter case the transformation^', y intoX ^ --1:Y givesthe real 
equation X(fl5'X*— 5«'Y^)=0. I observe however that for the form (a', 0, 0, 0, d, OX^, ^)*, 
and con^uently for the form yx, yf from which it is derived we have J=0 ; 

this ca^ is therefore excluded from consideration. The remaining case is 
(o', 0, d, 0, e', Oyaf, y)®=0, which is by the imaginary transformation od : y into iX : Y 
converted into (a',0, —cf, 0, d, OXX, Y)®=0; for the first of the two forms we have 
J=16a'c*^®, and for the second of the two forms J = that is, the two values of J 

have opposite signs. Hence considering an equation (a, b, c, d, e,fyx^ y)®=6 for which J 
is not =0, whenever this is by an imaginary transformation converted into a real equation, 
the agn of J is reversed ; and it follows that, given the values of the absolute invariants 
and the value of J (or what is sufficient, the sign of J), the different real equations which 
correspond to these data must be derivable one from another by real transformations, 
and must consequently have a determinate character ; that is, the AbiK>lute Invariants, 
and J, constitute a system of auxiliars. 
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Asmc . — Analytical Theorem in relatkm to a Binary QmnMc of any Order, 

The forgoing theory of the superimaginary transformation led me to a somewhat 
remarkable theorem. Take for example the function ^ 

(a, 5, cyjsA-h l—kzf, 

car, as this may be written, 

k I 




25, 

a or ( <7, 

2i, a 

r 

!2«, 

2a— 2c, 

-25 

2J, 

2a-2c, -24 

1 

a. 

-2i, 

c<> 

1 

-24, c 


then the determinant 

Cy 2^, a 
2h, 2«--2(7, -2i 

a, —25, e 

is a product of linear functions of the coefficients {a, 5, c) ; its value in fact is 
= — 2{a -f e)(a + 2bi + cz^)(a^^ 25t + o’), = — 2(a +c)[(a — c)® + 45*]. 
To prove this directly, I write 

a'=a~~2di-f-ci‘, 

5'=a — cf*, 

c'=a-j-2^^cff 

and we then have 



24, 

a 1, 

2 , 

25, 

2a— 2c, 

-25 «, 

0 , 

a. 

-25, 

c e**. 

-2i>, 


( 1 , ( 2 , 0 , ( 1 . -h i^) 

=( c, 25, a) 

(25, 2a-2c, -25) 

( <z, —25, c) 



-2j’4', 

eV 

=:a'5V f*. 

-2*^ ? 1 

2id, 

04*, 

-2ia' 

2«, 

0 , 

-2i 

o', 

24-, 


1, 

2 , 

1 


whame observing that the determinants 


1, 

2 , 

1 

5 


-2f*, 



0 . 

—1 


2i, 

0 , 

—2* 


-2?, 

4* 


1, 

2 , 

1 
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are as 1 : —2, we have the required relation, 

e, 2&, a ! =— 2«W=-~2(a-h<?){(«— 

%h, 2a-2^?, I 

ff, —25, c j 

It is to he remarked that the determinant 


1, 

2 , 1 

, taken as the multiplier of 

c. 

25, 

a 

i, 

0 , -i 


25, 

2«— 2^*, 

-25 


-2i=, ; 


a. 

-2b, 

c 


is obtained by writing therein a=b=c, =1; and multiplying the successive lines 
thereof by 1, (1, 1 are the reciprocals of the binomial coefficients 1, 2, 1), the 

proof is the same, and the multiplier is obtained in the like manner for a function of 
any order ; thus for the cubic 


(a, b, <7, 1—kxf, 

¥ k \ 



- d. 

3c, 

-35, 

a 

^ \ 

3c, 

— 65 -f- 3d, 

3a— 6c, 

sb: 

X 

-35, 

3a— 6c, 

65 -3d, 

3c 

1 

a. 

35, 

3c, 

d 


the multiplier is obtained from the determinant by writing therein a=5=c=d=l, and 
multiplying the successive lines by 1 , Ji, t®, viz. the multiplier is 
-1 3 ~3 1 

i —i i 

^® 3^^ 3^«, 

and the vdue of the determinant is found to be 

9(u--35e+3<»®— 

=9{ia-5cy+(3b-dy){lia+cY+(i+d)‘). 

But the theory may be presented under a better form ; take for instance the cubic, 

*3? k 

viz. writing - and 7 in place of w and k respectively, we then have 
y ^ 


(a, 5, c. 

dX.bv+l^> ¥ 

-la:)® 



kf 

m 

kP 


= ^ 

- 

3c, 

-35, 

a 


3c, 

-65+3d, 

3a— 6c, 

35 

. ay® 

-3J, 

3a— 6c, 

65 -3d, 

3c 
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a cttMc foaclion (#X^> determinaat fomed out of the matrix 

is at oaoe seen to be mi inymimit of this bipartite cubic foimtion. 

Assume now Ibat we have identically 

(a, b, c, aXx, y)’=(a!', V, d, ii-e—iyf, 

viz* this equation written under the equivalent form 

(d, h\ d, (TjCX, y)*=:{a, h, c, dXX+Y, i(X- Y))^ 

determines («', dy d') as linear functions of {a, c, d), it in fact gives 

a'= (a, c, djl, — »)* =:a— 3^’4*3c»“— df, 

^=s=(a, ^,c, dXl, — *)*(!»*) =a— bi— 
c'=(a, h, Cy dXlj — ®) (Ij i)*=a4“ 

= (a, c, dXli *T =a+ 3^*4- 3c«® + di*, 

then observing that 

(«, by €y dX%+^ic, /y— o', Or+O, 

and if in the expression on the right-hand side we make the linear transformations 
a*-fiy= d^y — i^4-?= 


which are respectively of the determinant +1, the transformed function is 

=(a',5,c',d'Xi^y, -ryx, 

that is, we have 

(a, c, d^^^-^-hCy ly---Jcxy^{d, d, dy djyk'dy — 

The last-mentioned function is 


d 

ar'y . -35' 

, . 

f * * 


JcT 




+3c' . 

, -cf 


and (from the invariantive property of the determinant) the original determinant is equal 
to the de^minant of tiiis new form, viz, we have 

4 F 
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- 

Se, 

-“35, 

a 


3c, 

'“65 ”1^3^, 

3®— 6c, 

35 


-36, 

3a-6c, 

65-3i, 

3c 

* 

a. 

31, 





=8C{a-3c)«+(3i-^‘][(a+c)*+(64-<i)^, 

niiich is the required theorem. And the theorem is thns exhibited in its true conneximi, 
as depending on the transformation 

X*. »)■={«', • . .XM*+-^). i(*- W- 


Addition, 7th October, 1867. 

Since the present Memoir was written, Ihere has appeared the valuable paper by 
MM. Clebsch and G(weh)AN “ SuUa rappres^ifeuaone tipica delie forme binarie,” Anndi 
de Matematica, t. i (1867) pp, 23-27, relating to the binary quintic and sextic. On 
reducing to the notation of the present memoir the formula 95 for the representation of 
the quintic in terms of the covariants a, /3, which should give for (a, b, c, d, e, f) the 
values obtained amie. No. 312, 1 find a somewhat different system of values ; viz. these 
are 


36as= 

36b= 

36c= 

36d= 

36e= 

35f= 

m + 1 

A*C -f 1 
A«B^ + 6 

A^BC - 39 
A»B® + 9 

A’C» - 54 
A*B»C - 126 
ABC* 4- 288 j 
C* +1152 

*AH - 1 
A»BI - 3 
•ACI +24 

A*B + 1 
A‘C + 1 
A*B* + 6 
A*BC - 27 
A*B* + 9 
A*C* - 42 
*AB*C - 90 
BC* +144 

♦AH - 1 
ABI - 3 
*CI +12 

A‘B + 1 
A*C + 1 
A»B» + 6 
A*BC -15 
AB* + 9 
AC* -30 
♦B*C -54 

•AH -1 
ABI -3 


where I have distinguished with an asterisk the terms which have different <x>efficients 
in the two formuke. I cannot at present ^lain this discrepancy. 
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XVn. On the Chmmcal Intmmty ef Total IktyligM at Km cmd Fard, 1865, 4866, 
aad 1867. By Henby E. Roscge, F,BB, 


Beeeivcd May 14, — June 20, 1867. 


* Pabx I.--THE EW OBSEBTATIONS, 

Ih tlieyeaa* 18€4Icoininumcated to the Royal Society* the description of a method for 
the Meteorolo^cal Registration of the Chemical Intensity of Total Daylight, founded 
upon an exact measurement of the tint which standard sensitive paper assumes when 
exposed for a given time to the action of daylight. 

During the last two years measurements of the chemical intensity, according to this 
plan, have, through the kindness of Dr. Balfour Stewart, been made regularly every 
day at the Kew Observatory by Mr. T. W. Baker, and thus the practicability of carrying 
out a continued series of observations according to this method has been effectually and 
satisfactorily tested. 

Owing to the press of regular work at the observatory only three separate registra- 
tions of chemical intensity could be made at different hours each day. Hence the 
results obtained do not in any way indicate the hourly variation of chemical intensity, 
nor can even the individual integrals of daily intensity, giving the mean chemical action 
each day, be said to do more than exhibit approximately the changes which go on from 
day to day. The monthly integrals, on the other hand, each calculated from a large 
number of observations, show with a great degree of accuracy the rise and fall of the 
chemical intensity with the changing seasons of the year, and enable us to deduce from 
this the first series of observations of the kind, the mean monthly and yearly chemical 
intensities at Kew for 1865, 1866, and 1867. 

The hours at which the chemical intensity was registered each day were those chosen 
for the reading of the meteorological instruments, viz. 9^ 30® A.M., 2^ 30® pjf., and 
4 h 3 Qni p jf condition of the sun s surface as regards freedom from cloud, the 

amount of the cloud, the temperature (wet and dry bulb) and the atmospheric pressure 
were also noted. 

As an example of the results thus obtained, the observations made in the month of 
July 1866 have been chosen as exhibiting well the great changes in chemical intensity 
pr<^uced by varying cloud and sunshine. 

• Baterian Lectui®, Plaks^ideal Prsmsaetitaia, 1865, Part II. p. 605, 
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PEOPBSSOE HOaCXJE ON 'mB CHEmOAL- WTENairr OP 
Tabmj L 

Observations of Chemical Intensity at Kew, July 1866. 


i ' - - 

Bate. 

Time. 

1 Chemica 
intesnsify 

Son’e sur&ee. 

Clouds. 

Thesmomekafis sate 


Bry. 

Wet. 


1806. 
July S 

a 

4 

5 

6 

7. 

9. 

10. 

11. 

12. 

13. 

, 14. 

26. 

27. 

18. 

19. 

20. 

21. 

23. 

24. 

25. 

26. 

27. 

28. 

30. 

31. 

h m 

^ 9 30 

2 30 
. 9 45 

2 40 

4 50 
. 9 50 

2 45 

4 30 

9 40 

3 0 

5 0 

9 30 

4 30 

9 45 

2 0 

9 40 

2 30 

4 30 

9 30 

2 40 

4 30 

9 40 

2 40 

5 0 

9 40 

4 50 

9 30 

2 0 

2 50 

9 40 

2 40 

4 30 

9 50 

2 4© 

4 30 

3 0 

9 40 

2 30 

4 30 

9 40 

2 0 

9 30 

2 40 

4 30 

9 30 

4 30 

9 40 

2 40 

4 30 

2 30 

4 30 

9 50 

2 45 

4 40 

9 30 

1 40 

Rain. 
0*270 
0-335 
0*335 
0*227 
0*430 
0-190 
0*126 
0-320 
0*355 
0*180 
Rain. 
0*187 
01 22 
0*143 
0*142 
0*315 
0*160 
0*390 
0*165 
0*062 
0*560 
0*630 
0*237 
0*640 
0*280 
0*380 
0*550 
0*177 

0 107 
0*185 i 
0*156 
0*305 
0*197 
0*177 
0*185 
0*257 
0*355 
0*203 
0*177 ■ 
0*345 ] 
0*217 ( 
0*280 1 
0*237 i 
0*247 < 
0*089 1 
0*140 ] 
0*187 1 
0-064 1 
0*177 1 
0*063 I 
0*063 I 
0*092 I 
0*088 I 
0*193 I 
0*112 I 
Rain. 
Rain. 

Light clottds. 

Clouded over. 

Id. 

Light cloods. 

Clouded over. 

Id. 

Id. 

Id. 

Unclouded. 

Clouded over. 

Light clouds. 

Clouded over. 

Unclouded. 

Clouded over. 

Very light clouds. 

Id. 

Unclouded. 

Hazy. 

Clouded over. 

L^ht haze. 

Unclouded. 

Id. 

Id, 

Id, 

Haze. 

Unclouded, 

Clouded over. 

Id. 

Id. 

Id. 

Light clouds. 

Unclouded. 

Id. 

Clouded over. i 

Id. 

Unclouded. 

Id, 

Unclonded: very thin haze. 
Unclouded. 

Clouded over. 

Unclouded. 

Id. 

Clouded over. 

[d. 

[d. 

[d. 

;d. 

d. 

d. 

d. 

d. 

d. 

d. 

d.; light rain. 

8 

9 

9 

4 

10 

9 

9 

6 

5 

5 

4 

' 8 

5 

10 

5 

6 

0 

0 

9 

0 

4 

1 

0 

5 

4 

4 

5 

10 

9 

10 

4 

3 

3 

8 

9 

4 

I 

0 

1 

10 

I 

1 

10 

9 

9 

10 

10 

10 

10 

10 

10 

10 

8 

10 

6l*7 

67*1 

59*8 

58*6 

56*8 

€3*5 

60*7 

60*8 

60*1 

59*7 

60*3 

57*0 

63*8 

63*6 

72*8 

73*8 

71*3 

74*8 

75*5 

75*7 

01 *1 
82*2 
78*3 
79*8 
69*2 
80*6 
71-8 
65*9 
68*1 
65*9 
62*4 
68*1 
68*6 
65*6 
57*8 
65*7 
68*7 
64*2 
75*5 
56*0 
65*4 
6s*7 
57*8 
61*7 
58*4 
62*6 

61*5 

66-6 

64*6 

61-4 

63*2 

64*8 

65*2 

64*8 

54*9 

SM 

54*6 

54*5 

53*8 

55*7 

55*7 

53*2 

56*4 

52*9 

53*7 

50*1 

53*7 

59*9 

65*2 

66*0 

64*7 

66*0 

66*0 

67*5 

69*2 

69*5 

70*5 

66*5 

€3*3 

69'6 

62*0 

58-5 

59*6 

58*5 

55*3 

56*8 

57-4 

59*0 

50*6 

56*8 

58*3 

58*2 

61*2 

5r3 

56*7 

56*9 

54*1 

63*9 

53*0 

5#*9 

55*7 

58*5 

67*5 

59*7 

69*8 

60*8 

59*7 

€1*1 

iueliM. 

29*267 

•384 

•374 

•338 

•451 

.477 

*499 

•481 

•513 

•524 

*665 

•961 

30*013 

•179 

*179 

‘188 

*295 

*265 

•249 

*204 

•251 

•129 

•057 

•055 

•141 

•125 

-044 

•050 

•012 

29*997 

•996 

•952 

•936 

•886 

30*058 

•054 

•036 

•095 

•051 

•042 

29*985 

*986 

M*037 

•056 

•204 

•212 

*217 

•083 

•063 

29*823 

•754 

•719 

•654 

•645 




AT KEW J[M>- PJAi. 


The integrals of daily mean chenuealmtenfity ohteined from the numbers in column 3 
of the Receding Table by the me&od described in the above-mentioned memoir, are as 
follows: — 


Bally Mean Chemical Intensity. 
(Intensity 1*0 acting for 24 hours =1000.) 


July 3rd, 1866. 

. , . 1381 j 

July 18th, 1866. 

. . 119*4 

„ 4th „ , 

. . . 126-1 ! 

„ 20th „ . 

. . 119*5 

„ 5th „ . 

. . . 140*7 I 

„ 23rd „ . 

. . 106:6 

„ 9th „ 

. . . 91*6 1 

„ 25th „ . 

. . 67-7 

„ 12th „ . 

. , . 229*0 : 

„ 27th „ . 

. . 35*8 

,, 17th „ 

. . . 60*6 




Monthly mean . 

. . , 112*2 



On the days omitted the number of observations made was too small to enable a deter- 
mination of daily mean intensity to be made. 

In a similar manner the daily mean chemical intensity for every day on which a 
sufficient number of observations were made, has been determined from April 1, 1865, 
to April 1, 1867. Table 11. contains the numbers thus obtained. 


Table IL — Daily Mean Chemical Intensities at Kew, 1865-66-67, 
(Intenaty 1*0 acting for 24 hours = 1000.) 



Intensity. 

Date. 

Intensity. 

Bate. 

Intensity. 

Date. 

Intensity. 

1 Date. 

! Intensity. 

1865. 

April 1. 

69*2 

1866. 

May 12. 

105*7 

1865. 

■ June 23. 

1 128*1 

1865. 
Aug. 24. 

101*3 

1865. 
Oct, 10. 

! 

' 38*9 

3. 

41-0 

15. 

40*1 

26. 

16*7 

25, 

62*3 

11 

' 29'5 

4. 

35-9 

16. 

99*4 

27.) 79*5 

28, 

44*3 

12. 

37*9 

5. 

28*6 

17. 

60*6 

28. 

87*2 

29, 

85*7 

13. 

19*4 

6. 

66*0 

18. 

129-8 

29. 

15*2 

30. 

80*3 

16 . 

18*5 

7. 

42-9 

19. 

109*1 

1 July 3. 

179*5 

31. 

70*1 

17. 

25*9 

8. 

96*7 

22. 

220*8 

4. 

120*5 

SepL 1. 

88*1 

20. 

24*0 

10. 

168*2 

24. 

122-1 

5. 

73*1 

6. 

195*6 

25. 

26*8 

11. 

78*1 

26. 

160-0 

6. 

103*9 

7. 

244*7 

Nov. 3. 

14*8 

12. 

30*5 

29. 

115*5 

7. 

132*0 

8. 

189*5 

4. 

16*6 

13. 

86*8 

30. 

100*0 

10. 

110*3 

11. 

64*2 

6, 

12*0 

15. 

36*3 

31. 

64*6 

11. 

133*3 

12 . 

113*4 

7. 

9*2 

18. 

110*9 

Jttoe 1. 

63*1 

14. 

124*7 

14. 

129*8 

8. 

12*0 

20. 

73*6 

2. 

38*0 

19. 

103*9 

15. 

165-7 

9. 

15*7 

2lJ 

125*3 


76*0 

20. 

110*4 

18. 

113*4 

10. 

16*7 

24^ 

82*4 

7j 

177*0 

21. 

64*9 

19. 

75-4 

11. 

17*6 

25. 

87*9 

8. 

64*6 

24. 

26*0 

20. 

10^2 

13. 

12*9 

26. 

89*0 

9. 

144*5 

28. 

90*9 

22. 

97-9 

15. 

13*9 

87- 

106*6 

12. 

108*7 

Aug. 1. 

46*7 

25. 

50*7 

23. 

12*9 

May 1. 

64*9 

13. 

im>s 

4. 

74*0 

28. 

64*2 

24. 

12*9 

A 

91-6 

14. 

^*2 

8. 

100*0 

29. 

24*9 

27. 

13*9 

3. 

84*0 

15. 

68*0 

14. 

88*1 

Cfet 2. 

44*0 

m. 

6*5 

4, 

59*1 

19. 

89*7 

17. 

100*0 

3. 

34*3 

Dec. 1, 

2-8 

A 

61-1 

20. 

61*5 

18. 

.74*0 

fe7-6 

4. 

12*9 

2. 

8*3 

8, 

68*8 

81. 

98*7 

21. 

5. 

44-5 

4. 

9*2 

% 

116*9 

22. 

^•8 

22. 

114*3 

6. 

39*8 1 

8, 

5*6 


4g2 



MM m wm msamm mmsm: of 


Tabim IL (emimu^.) 



IMe. 


Bite. 

1 Isteasify. 

1 mta 

IkteaBi^iy. 

1 Bate. 

latenrify. 

! B*W. 

Inteasi^. 


1^. * 


im 


i 1886. 


1866. 


im. 



Bee. 11 

4*6 

Feb. 21 

! 21*3 

1 April 26 

39*1 

I jttly 7 

91*6 

Dee. 14. 

19*5 


12 

8-3 

23 

1 25*4 

1 27 

105*1 

12* 

2^0 

18 

8*8 


13 

6-5 

, 24 

' 36*1 

1 30 

27*3 

17* 

60*6 

19. 

18*5 


14 

32*0 

I 28. 

28*9 

j May 2. 

48*0 

18 

119*4 

m 

9^ 


36 

6-4 

Mareli 2. 

43*8 

3. 

47*3 

20. 

119*5 

27. 

18*2 

' 38 

2*8 

j 3. 

34*4 

1 4. 

80*9 

23* 

106*6 

31. 

14*6 

i 20 

9*2 

5. 

31*0 

1 3. 

94*5 

25 

€7*7 

1867. 



21 

32*0 

7. 

31*0 ^ 

i 9. 

56*9 

27. 

35*8 

Jan. 16. 

13*9 


22 

5*6 

8. 

23*1 

' 14. 

607 

Auff. 5. 

71*6 

17. 

12*4 


28 

9*3 

9. 

24-1 

• 15. 

61*9 

1 13. 

81*0 

22. 

7*6 


isea 


10. 

39*8 

i 17. 

76*1 

m- 

92*0 

23. 

4*8 


Jan. 3 

39-7 

13. 

30*5 

I 18. 

75*6 

23. 

69*0 

24. 

57 


2 

1 15*2 1 14. 

43*3 

1 22- 

63*8 

27. 

118*1 

25. 

1*6 


3. 

14-2 

15. 

37*2 

23. 

98*0 

31. 

1437 

29. 

12*4 


5. 

9*3 

16. 

37*4 

28. 

89*8 

Sent. 3. 

215*0 

; Feb 1. 

8*6 


6. 

11.3 

19. 

9*3 

29. 

86*9 

10. 

88-5 

2. 

12*8 


9. 

22-1 

20. 

13*2 

30. 

60*7 

13. 

69*5 

5. 

19*0 


30, 

7*9 1 

23. 

55-9 

31. 

49*8 

20. 

45*1 

6. 

12*4 


12. 

17*2 

26. 

42*4 

June 1. 

66*1 

27. 

90*3 

7. 

21*9 

1 

15. 

22*1 

27. 

18*2 

2. 

134*5 ; 

28. 

1 93*8 1 

8. 

8*6 

{ 

20. 

20*1 

28. 

26*5 

1 

93*8 : 

Oct. 1. 

65-9 , 

11, 

13*3 

] 

23. 

22*6 

29. 

32*0 

■ 5* 

52*1 1 

2. 

35*4 1 

12.! 

10*5 

24. 

19*2 

April 3. 

24*9 

7 . 

114*1 I 

3. 

80*1 , 

13. 

167 


25, 

13*2 

5. 

24*9 

1 9. 

86*5 ; 

5. 

35-8 

14. 

18*6 

j 

26. 

9*8 

6. 

28*6 

j 13. 

33-1 

16. 

23*9 

15. 

26*7 

1 

27. 

8*8 

7 . 

77 

14. 

94*6 i 

37. 

27*0 

19. 

18*6 


29. 

23*6 

9. 

5*9 

15. 

48*0 

23. 

19*5 

20. 

28*0 

^ 30. 

16*2 

10. 

38*5 

16. 

79*3 

24. 

34*5 

25. 

28*6 

, Feb. 1. 

167 

11. 

25*4 

: 13* 

46*7 

Nov, 14. 

20*8 

March 4. 

13*3 

♦ S. 

20*4 

12. 

60*7 

20. 

106*4 

20. 

137 

1 5. 

20*0 

i 

25-0 i 

13. 

52*2 

21. 

90*6 

21. 

19*5 

1 «• 

20*0 

1 8. 

37*5 

14. 

38*5 

22. 

111*6 

23. 

16*6 

r 8. 

6*2 


20*0 ! 

17. 

67*4 

i 25. 

47*5 

24. 

16*6 

I 15. 

29*5 

1 10. 

24*0 

18. 

30*8 

26. 

100*2 

28. 

19*5 

1 20. 

36*2 

, 12. 

19*7 

39. 

75*2 

27. 

99*5 

29. 

19*5 

1 21. 

23*8 

1 33. 

26*4 

20. 

38*9 

28. 

127*6 

30. 

15*6 

26. 

42*8 

j 35, 

20*0 1 

21. 

1097 

29.1 

104*0 

Dec. 1. 

9*0 

28. 

50*9 

1 

17. 

33*7 I 

22.1 

80*4 

July 3.1 

138*1 

8. 

20*1 i 




19. 

29*5 

24.! 

83*6 

4.1 

125*1 

10. 

14*1 , 



1 \ 

24*0 I 

25.j 

737 

5.! 

1 

1407 

13. 

7'8 || 

il 




'JOhe first result which presents itself from the daily observations is that the mean 
chemical intensity for hours equidistant JBrom noon is found to be constant ; that is, for 
equal altitudes of the sun the chemic^ intensities are equal Thus the mean of all the 
morning observations in 1865 (207 in number) was at 9^ 34“ a.m. rrOTSS; that of the 
afternoon observations in the same year (197 in number) was at 2* 27“ P.M. =0T59,* 
whilst in 1S66 the mean of the morning observations (283 in number) was at 9** 49“ a.m. 
=30*119, and the afternoon observations (274 in number) at 2^ 29® P.M. =0*116. Tire 
morning observations in 1867 (62 in number) at 9^ 50® gave 0*044, the afternoon (58 In 
number) at 2^ 26® gave 0*047. These ^ve 

Chtsuoail in^gity. 

Mean of 552 morning observatfens in 1865-67 at 9^ 41® A.M, =0*105 
Mean of 529 afternoon observations in 1865-67 at 2^ 27® p.m. =0*107 



" BAfmra J3P Km AHB BABA. 

Bea^ we imj with csertaiatjr (xiadLa^ that whm the distarhi^ caas^ of doad &t, 
are ^Miaatei, the daily maxhaam of clesaical iatensity mrresponds to the of 

the ^a’s altitude, and that the cheatical iatensity exhibits no sign of a post-meridian 
maximam, as is observed in the measurements of hourly temperature, . ' 

In order to obtain an expression for the relation existing between tiie sun’s altitude 
and the chemi<^ intensity of total daylight, a much larger number of observations than 
the foregoing must be made at widely diiFering altitudes, either on the same day or on 
consecutive days. Such a series of observations was made at Heidelberg (see Proceed- 
ings Eoy. Soc. Fo. 81, 1866) on a cloudless day. The relation between the sun’s altitude 
and the chemical intensity as found in these determinations is. graphically represented 
in fig. 1 A, Plate XXI., and is seen to be a straight line, the abscissae representing the alti- 
tude and the ordinates the corresponding chemical intensity. The formula 
CIa=CIo -{-const X« 

represents this relation, where Cf, signifies the chemical intensity at any altitude (a) in 
circular measure, CIo the chemical intensity at the dltitnde 0, and const, is a number 
to be calculated from the observations. That this formula closely represents tbe rela- 
tion in the case of the Heidelberg observations is seen from the agreement of the ob- 
served with the calculated intensities. 


Chemical Intensity. 


Altitude. 

r 

Obserred. 

Calculated from formula. 

7 15 

0-050 

0-050 

24 43 

0-200 

0-196 

34 34 

0-306 

0-276 

63 37 

0-437 

0-436 

62 30 

0-518 

0-506 


A similar series of observations made at Pai'a (see page 565 of this paper) under a tro- 
pical sun in April last, in the middle of the rainy season, shows that a similar relation 
holds good between tbe chemical intensity and the sun’s altitude even when the sky is 
not cloudless. 


Chemical Intensity. 


No. of espts. 

Sun’s mean altitude. 

Observed. 

Calculated from formula. 

22 

73 40 

0-964 

0-959 

11 

60 40 

0-769 

0-800 

11 

49 28 

0-685 

0-666 

10 

22 58 

0-344 

0-338 


lOiis relation is graphically represented in fig. 1 B, Plate XXI. 

AsMuning, as we may fairly do, that the s&me relation between tbe sun’s altitude and 
int^ttsi^ holds good at Kew as at Heidelberg and Para, tiie value of the inten- 



iP' m -the cmmmSi immssrs of 

1^ jte fem ifee ol^rmteis ^ 2*^ # ^*“ r.M. 

rf &g iMi^jiy mms^ ehemkai al ^ AJI., 2^ F*^, 

aai^ # fem April 1865 to Apil 1867, mi» giim m HI.; tlfe ?ali^ 

af tile iat^oati^ at Booa Jiave beea cakukt^ by Mp ef tbe 


Table IIL 


Monti- 

Hour. 

Mean 

Month. 

Hour . 

Mean 

iatensity. 

1 Month. 

Hour. 

Aieath 

Jatnasity. 


h m 


1865 . 

h TO 


1866 . 

h TO 


April. 

0 30 

0‘195 

Dec. 

9 33 

0*029 

August 

9 34 

0-194 


Ig 0 

0^7 


12 0 



12 0 

OfSO 


2 2B 

0*215 


2 26 

0-020 


2 30 

OflO 


4 38 

(hi 12 

1866 . 




4 42 

0-115 

May. 

9 30 

0*211 

Jsmuttry. 

9 34 

0-038 

Sept 

9 45 

0-172 


12 0 

0-356 


12 0 



12 0 

0-286 


2 21 

0*240 


2 26 

0*047 


2 32 

0*187 


4 30 

0-115 

Feb. 

9 39 

0*051 


4 38 

0 - GS 8 

June. 

9 33 

0*192 


12 0 

0*094 

October, 

9 41 

0-085 


12 0 

0*313 


£ 26 

0-065 


12 30 

0*088 


2 26 

0-223 


4 31 

0*021 


2 30 

0-059 


4 39 

0-116 

March. 

9 35 

0*081 


4 34 

0-019 

July- 

9 35 

0-218 


12 0 

0*101 

Nov, 

9 37 

0-042 


12 0 

0*283 


2 30 

0*075 


12 0 

0-057 


2 SO 

0*214 


4 31 

0*041 


2 27 

0-035 


4 30 

0*129 

1 April. 

9 37 

0*129 


4 21 

0-002 

August, 

9 39 i 

0-177 


12 0 

0*163 

Dec. 

9 43 

0-028 


12 0 

0-254 


2 31 

0-116 


12 0 



1 2 28 

0-187 


4 43 

0*057 


2 32 

0*016 


4 44 

0-104 

May. 

9 37 

0-167 

1867 . 



Sept. 

9 39 

0-236 


12 0 

0-259 

January, 

9 50 

0*033 


12 0 

0*397 


2 28 

0*164 


12 0 


i 

2 38 

0*271 


4 48 

0*067 ' 


2 31 

0*019 


4 35 

0*106 

June. 

9 43 

0*205 ; 

Feb. 

9 46 

0*042 

October 

9 31 

0*066 


12 0 

0*248 , 

1 

12 0 

0*080 


12 0 

0*063 


2 33 

0*183 I 


2 27 

0*053 


2 32 

0*042 


4 43 

0*106 j 


4 30 

0*012 


4 29 

0*013 

1 July. 

9 38 

0-229 1 

March. 

9 53 

0*057 

Nov, 

9 37 

0*046 

1 

12 0 

0-330 1 


12 0 

0*099 


12 0 


1 

2 32 

0*238 


2 21 

0-071 


2 29 

0-025 i 

1 

4 39 

0-141 


4 36 

0-033 


Tbe relatione existing between the sun’s altitude and the mean monthly dieini<^ 
intensities are graphically represented (for 1865) in fig. 2, Plate XXI.; and (for 1866) in 
%. 3, Plate XXL Ihe ordinates denote the intensity, and the abscissae the correspond- 
ing altitude of the sun. 

From the wriation in direction of the straight lines representing the relation of into- 
sity to altitude for the different months, it is clear that in each month a different value 
exists for the ecmstant of the formula, which in fact represents the degree of atmo- 
spheric opalescence, the amount of doud, and the various other fectom which, in addi- 
tion to the sun’s altitude, infiuence the chemical intcmsity. ♦ 

That the simple relation which has been shown to hold good when tte mm 
reached a cation altitude does imt apply in the case of low altiti^^ m distin^y ^mi 
from the above-mentioned figm^. When the sun is caily a frrw deg^e^ altove to 




mMimm j&t wm abb bamL^ ^ MM 

hmmmp ^ d|iali^&^K% phjf §md the 

sod yet iim4et;armi^^ ^iss tiae axpre^oB beanne eo m ^ 

m^kei- Ab iemdt» It is only in the case of tibe Heidelbei^ ob^rratfems Ibai the fest 
1^ Ihe serim tim xelalaon as Im? as 8^ of altitude, and tMs is to be^ei|iained 

by &e i^t timt the ol^rmtknis at Heidelbeig were made at an eiemtom of 1900 f^t 
above the sea-level, «Mi therefore at a situation above a great portion of the denser 
layem of the atmosphere in which the phenommia of opaleiK^nce are most marked. 

The curves on %. 4, Plate XXII., show the rise and fell of monthly chemiml mtensity 
wito the hour of the day for the months of January, February, and March 1867, and 
April, May, and June 1865 ; those on fig. 5, Plate XXII., give the same for the last six 
months of 1866. Figs. 6 and 7 show the same for the twelve months of 1866. 

The mean monthly integrals of chemical intensity for each month foom April 1865 
to April 1867, as obtained from these curves, are contained in the first column of the 
following Table. In the second column are given approximations to tibk int^xal 
obtained by taking the average of the daily means as given on Table II. (pp. 557 and 658). 
The third column contains the average amount of moisture for the month, in grains per 
cubic foot ; the fourth the relative humidity for the month ; the fifth the average amount 
of cloud at the times of observation ; and the sixth the relation between the number 
of observations on which the sun was overcast (=1) and those made in sunshine. 


Table IV. 


Date. 

! Chemical Intenaty.' 

i Humiditj. 

j C3oiA 

I. 

n. 

! m. 

IV. 

V. 

VI. 

1805. 

April 

97*8 

77*1 

3*32 

0*71 

! 

; 4*1 

0 Tereaet=l. 

1*9 

May 

13 7-8 

98*6 

3*63 

0*72 

6*3 

0*5 

June 

82*3 

83*9 

4*23 

0*73 

4*5 

1*6 

July 

lH-4 

1054 

4*82 

0*74 

6*0 

1*0 

August 

88'9 

84*2 

4*50 

0*78 

i 6*9 

0*6 

September 

107*8 

314*6 

4*81 

0*72 

2*4 

3*6 

Octotor 

23*4 

30*4 

3*68 

0*83 

4*0 

1*9 

November 

17*8 

13*2 

3*12 

0*85 

6*7 

0*5 



8*0 

2*98 

0*88 

7*5 

0*3 

1866. 


January 

15*0 

15*9 

2*82 

0*85 

6*0 

0*5 

February 

M'3 

24*2 

243 

0*81 

6*4 

0*5 

March 

34*5 

30*6 

2*49 

0*81 

54 

0*4 

April 

62*4 

49*9 

3*02 

0*80 

6*3 

0*7 

May 

78*9 

70-0 

2*83 

047 

5*0 

0*8 

June 

92*3 

86-1 

4*52 

0*76 

6*6 

1*0 

July 

loe^g 

311*9 

4*33 

0*73 

6*0 

0*9 

August 

94*3 

95*2 

4*29 

0*74 

7*2 

0*5 

September 

70'i 

100*3 

4*13 

0*83 

6*4 

0*7 

Ortobar 

29*5 

40*2 

3*82 

0*88 

6*3 

0*7 

Noveml^r 

15*6 

17-7 

2*96 

0*83 

5*3 

0*9 

Deeember 


14*0 

3*09 

0*88 

6*9 

0*4 

im. 



JrnmMj 

13*0 

8*3 


0*86 

7*8 

04 

Feferuitty 

21*7 

174 

2*86 

0*82 

7*2 

0*4 

MmtA 

304 

274 - 

2*33 

0*83 

7*7 

m 




isi momm om i’me cbsmcai. iHSMsinr 

fee €iai?es of mem daily ch^ic^ mtaadity showing tiie wkHon fiom 
hour to hoar lore syiBB^etriia}, the chemical action for hoars eqaidisteitfroin noon 1^^ 
the ^une, this illation appears hy no means to hold good for the cim^ of yeiaty <Aiend©al 
intendty. Hus is ^stinctiy leen if we com^re the monthly means for Pwo months 
almnt tihe ?emal with the two about the autumnal equinox, for 1865, 1866, and 1867, 


1866-67. 1866. 

Mean Chem. Int. Mean CSieiQu hit. 

March 1867 .... 30*6 March 1866 .... 34*5 

April 1865 97-8 April 1866 ..... 52*4 

September 1865 . . . 107-8 , September 1866 . , . 76*1 

August 1865 .... 88*9 August 1866 .... 94*5 


Or for 100 chemically active rays failing in the months of March and April 1865, 1866, 
and 1867 at Kew, there fell in the months of September and August 1865-66 167 rays, 
the sun's mean altitude being the same in both cases. 

The curve, fig. 8, Plate XXII., exhibits the biennial variation of chemical intensity at 
Kew for the two years ending April 1, 1867. The yearly integral for the twelve months 
January-March 1867 and April-December 1865 is 65*7; whilst that for the twelve 
months of 1866 is 54*7. 

The marked differences between the chemical intensities in spring and autumn must 
be caused by corresponding differences either in the amount of cloud or in the trans- 
parency of the atmosphere. From Table IV. (p. 561) it is seen that the mean amount 
of doud in March 1867 and April 1865 is 5-9, and that in August and September 1865 
=4*7 ; whilst the mean cloud for March and April 1866 is 5*9, and that for the cor- 
responding autumn months=6*8. If the number of observations made when the sun 
is diining be compared with those made when the sun’s surface is obscured by clouds, 
it is seen that of sixty-nine observations made in April 1865 the proportion between 
cloud and sunshine was as 1 to 1*9, whereas in the months of August and September, 
out of 130 observations the proportion between cloud and sunshine was 1 to 2*1. In 
1866 out of 123 spring observations the relation is 1 cloud to 0*55 sunshine, and out 
of 122 autumn observations the relation was found to be 1 cloud to 0*60 sunshine. 
Hence it appears that the effect of varying amount of cloud has been eliminated by 
the number of the ob^rvations, and that the difference in chemical intensity cannot he 
ai^jribed to the presence of more cloud in the spring than in the autumn. 

The only other possible explanation is to he sought in the difference in atmo^heric 
transparency in spring and autumn, and the only indication which we at present possess 
of such variation in transparency is afforded by measurements of the hygrometric con- 
dition of the air, the increased transparency of moist air for the visible rays being wdi 
known. In March 1867 and April 1865 the mean amount of moisture was found to he 
2*82 grains per cubic foot ; in August and September 1865 it was 4*65 grains. In March 
and April 1866 the moisture was 2*8 grains, and in August mid September 4*21 grains, 
lliis gives a relation of 1 to 1*65 for ^aing and autumn moisture 1865, and 1 to 1*50 



TOTAL BAYIiMflT AT KEW ATO TALA. 


m$ 


fe I4ie mie m 1866, Another imjiortant fector as infinendng the trsmspareney must 
n^ be CPreriool:^ m, the preseace of finely diTided solid particles which floating about 
prodtKM ph^ommon of atmospheric opalescence. This, taken in connesit^n with 
tiwf well known fact of the gimter velodLty of the winds in spring than in autumn, 
tims inereating the quantity of these floating particles in the' sprii^, points to an 
explanation of the high autumnal and low vernal chemical intensity. 


Pabt H— the PAEA OBSEEYATIOJfS. 

Our knowledge concerning the distribution of the chemically active rays on the earth s 
surface is as yet very limited, and any conclusions with respect to the intensity of the 
chemical rays in the tropics have been, up to the present time, based upon the vague and 
unsatisfactory statements of photographers. According to photographic observations it 
would appear that in advancing from England towards the equator the difficulty of 
obtaining good pictures is increa^d, and more time is said to be required to produce 
the same effect upon a sensitive film under the fiill blaze of a tropical sun than in the 
gloomier atmosphere of London*. It is likewise statedf that in Mexico, where the 
light is very intense, from twenty minutes to half an hour was required to produce pho- 
tographic effects which in E n gland occupy but a miuute ; and it is said that travellers 
engaged in copying the antiquities of Yucatan have on several occasions abandoned the 
use of the photographic camera and taken to their sketch-books. Dr. Deapee bas also 
noticed certain differences of a similar kind between the light of New York and that of 
Virginia, and hence a supposition has been thrown out of the existence of a peculiar 
retarding action exerted by the lumiuous and the calorific rays upon the more refrangible 
and chemically active portion of the sunlight. In order to test the validity of these 
statements, it becomes a matter of great interest to determine directly the intensity of 
the chemically active rays in the tropics. Through the kindness of Me^rs. Alfbed 
Booth and Co., of Liverpool, and thanks to the zeal and ability of my assistant, Mr. T. 
E. Thoepe, I have been able to obtain such a set of measurements made at Para, situated 
nearly under the equator in the northern province of the Brazils, and lying upon a branch 
of the Amazons, in longitude 48° 30' West, and latitude T 28' South. 

LLe observations, the results of which are given below, were made at Para by Mr. 
Thoepe from the 4th to the 26th of April 1866, in a situation possessing a clear horizon. 
Owing to the rainy season having set in when the experiments were commenced, the 
chants in the chemical intenrity as observed from hour to hour, and even from minute 
to minute, are very sudden and remarlmble, and render a large number of daily ohser- 
vaticmsnecesmry. These sudden dhimges are well reprerented in the curves, figs. 9, 10, 
12, wrd 13, Plate XXL, showing the variation of chemical intensity at Para duriag the 

♦ G«£di»® Bnu&, Piaiosophy,^ p. 622, 56i Edit, 

t Boamr Hvst, on ligiit/ p, 366, 
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Sif PBOFEs^® mmm& m thi oMsmam tmmBtn of 

iaf s ©f 1 ^ 1 , and 264h. The etKnr^^ for these j^ys* whh 

&e dettad below, iMimtkg the corresponding acticm atKew, Amr to ^o«aoi|& 
tariati® m tonne^ intosity which oecnrs nndear a topkfd |na in to rai^ smmm. 
S^nliicly erery afton®n, and sometimes at other hours of ihe day, 
ch>nds ob^Mre the snn, and discharging their contents in the form of rain, 

reduce the chemical action nearly to zero. The storm qukkly pi^s over and to 
chemical intensity rapidly rises to its normal value. 

If we compare the daily mean intensities at Para and Kew on the same days, we gain 
some idea of the true chemical action of the tropics, and it becomes at once evident that 
the alleged failnre of photographers cannot, at any rate, be ascribed to a diminution in 
the sun's chemical intensity, but must rather be referred either to overexposure of the 
plate, or more probably to the difficulty of ohtaming a distinct image owing to constat 
variation in the denrity of the layers of air intervening between the plate and the object. 
The curv^ figs. 9 to 14, Plate XXI., exhibit graphically the relation of chemical 
intensity at Kewand Para on the 18th, 23rd, 24th, 25th, and 26th of April 1866, these 
being chosen from the other sets of observations as being the most complete. The data 
for these five days' observations are found in the Tables at the end of this paper. 

The following numbers give the Daily Mean Chemical Intensities at Kew and Para 
for fifteen days in April 1866. 


D&te. 

Daily maHi 

iatesaHy. 

Katio. 

Kew. 

Pm 4 . 

1866. 

April 4 ... 
6 ... 

28*6 

269-4 

242*0 

8*46 

7... 

7.7 

301*0 

39-09 

9... 

5-9 

326*4 

55-25 

11 ... 

25-4 

233*2 

9*18 

12... 

55*8 

203-1 

3*66 

13... 

52-2 

337 8 

6*46 

14 ... 

38-5 

265*5 

6*89 

18 ... 

39-8 1 

350-1 

8-80 

19... 

75*2 i 

352*3 

4*68 

20 ... 

38-9 

385*0 

9*90 

23... 

80*4 ! 

350*1 

4-35 

24 ... 

83-6 

362*7 

4-34 

25 ... 

73*7 

307-8 

4-17 

26... 

39-1 

261-1 

6-67 

Mean in- 1 
tensity, j 

46-06 

303*2 



Hence it appears that the chemical action of total daylight m the month of April 1866 
w^ 6‘68 times as great at Para as at Kew. 

In order to form an idea of the march of the daily chemicMd intensity under to 
equator in the sunshine, all the ob^rvations made when to sua's disk unobscared 
by clouds have b^n collected, and a curve plotted oirt from to means tos obteined. 
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Tije foloura^ TdWe ^¥es the msults, and the €xm% %. 14, FMeXXL, exhibits the 
regtdar natee of the increa^ before and after noon. The curve is a symmetrical 
one, and eshibits a maMmtm at noon ; the dotted curve is the curve of mean chemical 
intensity for April at Kew, and the relation between the^ two intensities is as 52*4 to 
313‘S, or a ratio of 1 to 5*9S. 


MeiBi time. 

Ko. of 
observations. 

Intenediy. 

time. 

No. of 
observations. 

IntenmtT. 

h m 

7 3 

ai 

0-196 

h m 

12 54 

IS 

' 0*981 

7 S4 

11 

0-389 

2 .5 

17 

0*8^ 

9 S4 

8 1 

1 0-789 ! 

; 2 54 

14 

0-664 ! 

j 10 1 1 

19 I 

I 0-871 ! 

' 3 57 

7 

0-406 

1 11 5 1 

! 27 1 

i 0-983 

4 49 

4 

0-223 

i 12 1 1 

21 

1-028 





In a future communication I propose to discuss the relation between the chemical 
intensity of direct and diffuse sunlight at Kew, Para, and Lisbon. 


Chemical Intensity of Total Daylight at Para, April 12th, 1866. 


Solar time. 

Chemical 

Condition of solar 

Clouds. 

Temperature " C. 


intensity. 

disk. 

Dry. 

Wet. 


h 

m 







9 

30 

0-348 

Clouded; dulL 

9-10 

28-1 

26-7 

764-4 

9 

45 

Ivaiiu 





9 

55 

0-731 


9-10 

28-4 

26-4 


10 

0 

Ham. 






10 

25 

0-947 

Uaelouded- 

8 

29-4 

28-3 


10 

35 

Rain. 






10 

55 

Id. 






11 

2 

0-971 

Unelooded. j 

7-8 

29*4 

27-3 


n 

30 

1-019 


7 

! 31-1 

27-2 i 


11 

55 

1-019 

Unclouded. i 

5 

30-1 

25-9 1 

764-2 

1 

14 i 

[ 0-968 

Id. ! 

6 

27-8 

26-1 1 


2 

20 


Verj heavy rain. | 



i 

7^-0 

2 

46 

0-744 

10 

27-8 

1 26-6 j 


3 

0 

0 - 1 ^ 

Glooffiy ; thund^-. j 

10 

26-6 

' ^0 ! 


3 

13 

Raifi. 




1 


1 4 

30 


Hemy rain. > 



1 



4h2 






mowmmsL mmxm tm tsm ammomi mm^BiTr of 
diemical Int^mty of Tot^ I^ylight at Fam, April l&li, 1866. 


Solar time. 

Chemical 

Condition of «>1^ 

Clouds. 

tDmpa-atu^ ® C. 



Hiy. 

Wet 


h m 






milBms. 

7 33 

0-336 

Unclouded. 

2 

24*6 

34-0 

763-5 

% 0 

9 30 



3 

25*8 

24*4 


©•851 


3 

29*1 

25*9 


10 0 
10 SO 
10 45 

0-565 

Clouded. 

7-8 

30*0 

25-9 


11 10 

0*570 



30*0 

26*1 

765-0 

11 20 

Rain. 

8 

30*5 

26*7 

11 35 

1-079 

$unshiDe. 


31*4 

27-6 


11 50 

0-980 


7-8 

31-7 

27*2 


12 10 

0*665 

Clouded. 


32*0 

27*2 


12 37 

0-474 



30*9 

27*2 


1 0 

1*080 

Sunshine. 

7 

30*4 

26*9 


1 10 


Rain. 

8 




1 42 

0-210 

Clouded. 

8-9 

26*8 

25-6 


1 45 


Thundewtorm. 





2 23 

0-425 

Sunshine cloud. 

8 

26-9 

25*1 

762*0 

2 43 

0-743 

Unclouded. 

7-8 

28-2 

25*9 


3 2 

0-420 

Sunshine cloud. 


28-3 

25*6 


3 15 

0-378 


8 

28*1 

25*3 


3 37 

0-248 

Clouded. 

8 

27-9 

25*3 


4 0 


Heavy rain. 






Chemical Intensity of Total Daylight at Para, April 19th, 1866. 


Solar time. 

1 Chemical 

Condition of solar 

Clouds. 

j Temperature ° C. 


j intensitj. 

disk. 

2>rj. 

Wet. 


h m 

6 50 

0*227 

Clouded. 

5 

24-5 

24*3 

millims. 

766*5 

7 15 

0*333 

Id. 

5 

25*0 

24*4 


7 40 

0-360 

Id. 

5 

25*6 

25*0 


8 0 

0-416 

Id. 

9-10 

26-6 

25*6 


9 25 

0-850 

Unclouded. 

6-7 

28*4 

26*0 


9 49 

0-839 

Id. 

6-7 

30-6 

27*4 

i 

9 52 

0-803 

Id. 

6-7 

30*6 

27-4 


10 30 

0-791 


6-7 

30-9 

27*3 


10 47 

1*266 

Unclouded. 

4-5 

31-8 

27-6 

765*0 

10 49 

1-115 

Id. 

4-5 

31-8 

27*6 


11 25 

0-900 

I(L 

5 

32*6 

27*6 


11 27 

1-050 

Id. 

5 

32-6 

27*6 


12 41 

0-940 

Id. 

j 3-4 

33*3 

27*8 


1 50 

0-564 

Clouded. 

6-7 

29*1 

26-3 


2 15 

1-000 


6-7 

28-1 

25*6 

762*5 

2 46 

0-739 


9 

29*4 

26*3 


3 10 

3 30 

0*260 

Heavy rain. 
Clouded. 

9-10 

26*2 

25*3 


3 50 


Rain. 









mTAl, MAltMGtm AT KBW JOT TAMA, 

Oiemical feitoisity of Total I^yligbt at Para, April 20tii, 1866. 


Solar time. 

Chem^ 

1 Omiditioa of sohr 

CloudB. 

1 Tmupkature ® C. 

Urometer. 




Dry. 

Wet. 

h m 

7 40 

9 53 
10 21 

10 48 

11 31 

12 0 

12 32 

1 2 

3 5 

3 16 

3 40 

4 0 

4 20 

0*456 

0-940 

1*000 

0*768 

0*893 

0*900 

0-960 

0'908 

0*336 

0*237 

0*539 

0*452 

0*333 

Unclouded. 

Id. 

!ld. 

jid. 

Id. ; hazy. 

Id.; id. 

|fd. 

|Id. 

Clouded; gloomy, j 
Id. ; id. j 

Unclouded. i 

Clouded. 1 

1 

1 

3 

3— 4 

4- 5 
4-5 
4-5 

8 

8-9 

7-8 

7-8 

7-8 

26*1 

29*4 

30*8 

31*7 

32*2 

34*1 

34*3 

33*7 

31*9 

31*3 

29*4 

27*8 

28*4 

2S'0 

26*1 

27*1 

27*5 

27*2 

1 28*1 
27*8 
28*2 
27*2 
27-5 
26*4 
25*7 
26-1 

millims. 

764*5 

764*5 


Chemical Intensity of Total Daylight at Para, April 23rd, 1866. 


1 Solar timt 

^ Cliemical 

Condition of $oIar I 

■ intensity. 

disk. 

h m 

9 5 

! 

( 0*761 


9 15 

0*532 

'Clouded. 

9 30 

1*079 


9 45 

0*725 

Clouded. 

10 0 

1*402 

Unclouded. 1 

10 15 

1*019 

' 

10 30 

1*105 

Unclouded. 

10 45 

1*114 

Id. 

11 0 

M48 

lid. ! 

11 17 

1*318 

Id. j 

11 30 

0*674 

Clouded, i 

11 45 

1*019 

Unclouded. j 

12 0 

1*019 

Id. 1 

12 15 

1*054 

Id. ! 

12 30 

1*344 

!ld. 

12 45 

1 0*689 

Clouded. J 

1 0 j 

Rain. 


1 1 12 

0*444 

Clouded. ! 

1 30 

1*002 

Unclouded. j 

1 50 

0*874 

2 5 

0*925 


2 15 

0*968 


2 30 

0*925 


2 45 

0*977 


3 0 

0*856 1 

LJnelouded, 

3 15 

3 30 

0*280 < 
0*384 J 

Overcast; gloomr. 

■d. ; 

3 45 

0*352 < 

Overcast. 

4 0 

Rain. 

5 0 

0*233 ( 

)vereast. 

5 10 

0*200 I 

d. 

5 20 

Rain, 



7 

8 
6 
5 

4 

5 
4 
4 
4 

4 

5 
3 

3 
3*4 

4 
8 

8 

4 

7 

7 

7-8 

7-8 

7- 8 

6 

8- 9 

9 - 10 
9-10 

8-9 

8 


Temperature ® C. 


Dry. 


Wet. 


28*1 

25*9 

28*1 

25*8 

28*4 

26*1 

29*4 

26*5 

29*6 

26*5 

29*4 

26*2 

30*6 

26*4 

29*6 

27*0 

31*6 

27*2 

32*9 

27*4 

32*5 

27*2 

32*8 

26*1 

32-2 

25*7 

32*1 

25*3 

31*7 

25*4 

29*0 

26*1 

30*0 

26*1 

30*0 

26*1 

30*6 

26*6 

30*9 

26*6 

31*1 

26*6 

30*9 

26*6 

28*9 

26*2 

27*8 

25-7 

27*2 

25*1 

25-7 

24-8 

25*7 

25*0 


- • Barometer. 


! milhms 

766*5 


765 


764*5 


763*5 


764*0 







m 


PEOFESSOB <»r THE OBDmXCAX. BSTBStelTT OF 


C^Daicttl IntMsity of Total Dayligbt at Faia, A^l 24&, 1886. 




Ooodition of aolar 

Clouds. 

Tmtpta:s^vre “C. 



iatmdty- 


Dry. 

mt. 


h m 
$ 

0-151 

SuBshtfitag through 


24*4 

24*2 

Tmilinas- 

763*S 

7 30 

0-213 

IBtf^ 

Cloodc^. 

9-10 

25*6 

24^ 


8 0 

0-359 

Id. 

8 

26-6 

25*6 


9 31. 

0-633 IThin haze. 

2 

29*4 

26*4 


10 2 

0*484 jUncJfmded. 

0-719 ild. 

2 

^W) 

26*4 

767*0 

10 30 

2 

30-6 

26*1 


11 3 

0*951 

Id. 

3 

32*3 

27*8 i 


12 0 

1*019 

Id, 

4 

1 31-7 

25-9 


1 0 

0-942 ild. 


! 31-7 

25-3 


2 0 

0754 

Id. 

4 

32-2 

26*1 

764-5 

3 0 

0-492 

Id. 

2 1 

32*2 

25*1 


3 51 

0-389 

Id. 

3 1 

30-1 

26*6 


4 29 

0-306 lid. 

3-4 j 

29-0 

26-2 



Chemical Intensity of Total Daylight at Para, April 25th, 1866. 


Soiar time. 

Chemical 

Condition of solar 

Clouds. 

Temperature ° C. 

Barometer.! 

i 

intensity. 

disk 

Dry, 

Wet. 

h m 






znilHms. 

6 48 

0-116 

Unclouded. 

0-5 

24*2 

23*6 

765*5 1 

7 31 

0-312 

Id. 

0-5 

25-9 

25*0 

I 

9 41 

0-49® 

Clouded over. 



29*4 

25*4 

766*8 1 

10 3 

0-762 

Unclouded. 

3-4 

31-3 

27-0 

1 

10 29 

0*944 

Id. 

5 

31*9 

26*5 


10 53 

0*529 

Clouded over. 

4-5 

31*1 

26*2 


10 55 

0-959 

Unclouded, 

4-5 

31-1 

26*2 


11 29 

0-475 

Clouded over. 

6-7 

32*7 

27*4 


11 30 

0*976 

Unclouded. 

6-7 

32*7 

27*4 


11 45 

12 0 

0*479 

1*011 

Clouded over. 
Unclouded. 

5 

5-6 

32-2 

26*6 

766*0 

12 16 
12 47 

1 0 

0*977 

0-862 

Id. 

5 

32*0 

31-3 

26-1 

26*9 

26*6 


0*335 

Overeat; eiooaiy. 


29*7 


1 23 

0*365 

Id.; id. 


29*7 

26*7 


1 47 

0*774 

Unclouded. 

5 

30*8 

27*5 


2 39 

2 45 

0-236 

Rain. 

Clouded over. 

8 

28-3 

26*1 

j 

3 6 

3 45 

0-677 

Rata. 

Unclouded. j 

i 

7-8 1 

29*7 

27*i 

1 763*0 

1 

3 49 

4 5 { 

0-210 

KdiB. 

Clothed. 

j 

9 

28*3 

i 

^*1 

1 

j 
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Chemical Intensity of Total Daylight at Para, April 26tli, 1866. 



Oiemic®! 

Con^tina of solar 


Tranperature ® 0. | 


intensity. 

disk. 


3>ry. 

Wet. 

h m 

7 43 

0-360 

Unclonded. 

2 

26*3 

millims. 

25*3 766*0 

8 39 

0*408 

Clouded. 

7-8 

26*7 

25*0 

10 0 

0*958 


7-8 

30*8 

26*6 767*0 

10 15 

0*354 

Clouded; elootny. 

10 

29*4 

26*1 

10 30 

0-608 

Id.; id. 

9 

28-9 

25*6 

10 45 

0*650 

Id. 

9 

30-0 

26*0 

11 0 

0-822 


8-9 

29*9 

26*4 766-5 

11 15 

1-037 


7-8 

31*7 

27*2 

11 30 

1-088 

Unclouded. 

7 

32*2 

27*5 

1 11 45 

1-011 

Id. 

5 

31-1 

25*6 

1 12 0 

0*539 

Clouded. 

5-6 

30*8 

25-0 765-5 

1 12 10 

1*036 

Unclouded. 

3-4 

31*0 

25-5 

! 12 30 

0*976 

Id. 

3 

32*2 

: 26-6 

1 20 

0*831 

Id. 

5 

32-3 

j 25-8 

2 33 

0*608 

Id. 

5 i 

31*9 

1 25*0 

2 33 

0*540 

Id. 

6-7 

; 29*7 

i 26*4 763*8 

2 53 

i 0*336 

Clouded. 

8 

; 27*4 

i 24*7 1 

3 0 

3 30 

3 34 

1 liain. 

! Rain. 

1 0-200 


8-9 

i 

I 26*3 

1 

j 25*3 763*5 ; 

3 46 

; 0*166 1 

Clouded. 

8-9 

! 26*3 

1 1 

1 25*3 
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Me^e^im on the Circulation of the Blood. By J. Bheboit Sahdeesoh, M.D., 
F.M.C.P. Cmrmwmeated by Br. Shaepey, Sec. BM. 

Beedved December 28, 1866, — Bead March 7, 1867. 


Page 


Part I. Previous researches 571 

Part n. Experimente. — Sect. 1. Description of Apparatus 674 

2. Experiments as to the relation between the thoracic movements, the 

arterial pressure, and the frequency of the contractions of the heart 
in natural r^piration 676 

3. Experiments as to the same relation in artificial respiration* 586 

4. Experiments as to the same relation after section of the pneinm^astric 

nerv^ 589 

Conclusions 592 


Hating in the course of an inquiry relating to the order of cessation of the Tital pheno- 
mena in apnoea, the results of which I propose shortly to submit to this Society, been 
led to doubt the truth of the receiTed opinion as to the influence exercised by the 
movements of the chest in respiration on the circulation, and having found that similar 
doubts were entertained by others who had given attention to the subject, I thought 
it necessary before proceeding further to endeavour to obtain a solution of this most 
important question by experiment, 

Pabt L— PEEVIOrS EESEABCHES. 

It is to Professor Ludwig that we owe the first application of exact methods in tiiie 
investigation of the influence of the thoracic movements on the action of the heart In 
1846 he performed a series of experiments, the results of which were published the 
following year in Mullee’s ‘ Archiv’*. In these experiments he employed an instrument 
(called by him a Kymogmphion) by which the readings of a hmmadynamometer attached 
to an arterial trunk were inscribed on a cylinder revolving by clockwork at a unifonn 
rate. He found that in ordinary respiration the tracing of the kymographion always 
exhibited characters which were distinctive, consisting of large undulations or waves 
produced by the thoracic movements, the contours of which were broken by smaller 
waves atpresring the contractions o£ the heart. As regards the relation between the 

♦ Bdtiage imr Kenntm^ fies Einfios^ dcap Bwpxati<mBbew^ongen a^lf den Blutlauf im Amtmssysteam,” 
Mtiiam’s AkMv, 1847, p. 242. 

MDOTEXVIL 4 1 
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greater or respiratory ‘wave and the thoracic movemmts, it appeared to Ltowi© that 
the deMjendiag Mmh (or to speak more shortly, the descmt) of the wave was coincident 
with the expansion of the chest in inspiration, and that the amending Maib (or 
t^nrrespomled to the time occnpied by the collapse of the chest in and the 

snd^dhig pnse, so that the summit of the wave indimted the connnea^mmt df impi- 
ra^on. And with respect to the smaller or cardiac waves, he oimrved that in the asc^t 
of the great wave they were more frequent and more abrupt than in the decent, whence 
he inferred that during expiration the contractions of the heart succeed ^h other 
with great rapidity and are separated by short periods of relaxation, wh®re^ during 
inspiration the heart remains relaxed for some time between each contraction and its 
sua;essor. 

In most of these experiments the arterial pressure only was traced on the cylinder of 
the kymographion ; as, however, it was found that under certain circumstances the rela- 
tions between the respiratory movements and the undulations of the tracing were obscure, 
the experiment was modified. An elastic bag containing air was introduced into the 
cavity of the pleura by an aperture to which the mouth of the bag fitted air-tight. The 
bag was connected by a flexible tube with a second bag, the expansive movements of 
which were transmitted by a lever to the cylinder of the kymographion, on which a 
tracing was inscribed simultaneously with that which indicated the arterial pressure. 
It was found that the expansion of the bag connected with the pleura did not always 
coincide with increased arterial pressure. These inconsistencies did not, however, 
appear to be of such a nature as to render it necessary to abandon the theory which 
had been adopted. Although Ludwig had evidently some mi^vings as to its truth, 
he did not continue the investigation ; for in a prefatory note to a paper by Einbeodt, 
published in 1859, Ludwig states that during the preceding twelve years he had aban- 
doned the inquiry although convinced that he had misunderstood the connexion of the 
facts*. 

[Note . — In the last edition of his ‘ Lehrbuch der Physiologie,’ Ludwig gives the fol- 
lowing account of the changes of arterial pressure consequent on the respiratory move- 
ments : — At the banning of expiration the contractions of the heart become more 
frequent, the mean tension of the blood increases, so that even during the relaxation (rf 
the heart it sinks very inconsiderably or not at aU. Every new contraction induces a 
higher tension than its predecessor. At the close of the expiratory movem^t, when 
the narrowed thorax resumes its normal size, a long pause in the heart’s action suddenly 
oc^jurs, during which the tension sinks considerably, and the movements of the heart are 
in consequence retarded.” Hiis parage shows that until 1861 the author entertained 
the same views as in 1859.] 

In 1860 Ludwig’s experimmts were repeated by Einbeodt, who published his ramlto 

♦ « let Efttt© ndeli Itbemngt dass ieli ia meiner fruherea Arijeit die aa aad fik a<di tbatsadb^ 

aicdit richtig verkaiipft hatte.” 
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ia MaL^i[OTf’s ‘UaterffliciiuBgea’*. Of these experiments, which were performed m 
Ltrnirin’s laboratory, and apparently at his suggestion, there were two series. The first 
r^ted to the effect produced by the artificial production and maintenance foi yarious 
periods in the air4ubes of prepares which either exceeded or fell short of the pressure 
of atmosphere by ^yeral inches of mercury. The ^ond series, which alone directly 
coac^ns the present inquiry, consisted of experiments with the kymographion, in which 
mther the moyements of the thoracic walls or those of the respired air were recorded 
on the cylinder simultaneonsly with the variations of arterial pressure. The animals 
employed (dogs) and all the other conditions were the same as in the previous experi- 
ments of Ludwig, and the difference in the mode of recording was insignificant. The 
arterial tradings were of the same form as those obtamed by Ludwig, but the relation of 
the arterial to the respiratory wave was such as to lead Eikbeodt to opposite conclusions. 
According to Eihbkodt, “ the mean arterial pressure is slightly diminished at the very 
commencement of inspiration, but immediately afterwards gradually and constantly 
rises, while the action of the heart is accelerated. The pressure continues to rise until 
the beginning of expiration, when it reaches its maximum. Thereupon a pause is usually, 
but not constantly, observed in the contractions of the heart, in which of course the arterial 
pre^re sinks considerably. It always happens that during the remainder of expiration 
the pressure is diminished while the action of the heart is retarded.” 

The only other observations by which our knowledge of this subject has been mate- 
rially advanced are those of ISIarey, made with the aid of the instrument invented by 
him, and described in his work on the Physiology of the Circulation, under the name of 
“Sphygmographe.” By this instrument, the purpose of which is to measure the arte- 
rial tension in the living human subject and to record its rhythmical changes by mecha- 
nical means, a tiacing may be obtained (provided that the individual under observation 
breathes largely or with effort) which exhibits characters essentially the same as those 
described by Ludwig, that is to say, by taking corresponding points in a series of arte- 
rial oscillations and connecting them with each other, a curve is produced consisting of 
larger waves, which are in relation with the thoracic movements. Masey found that the 
nature of this relation differs according as the individual breathes with widely open or 
partially closed respiratory apertures. When respiration is performed largely and with- 
out obstruction, the ascent of the respiratory wave coincides with inspiratimi, the descent 
with expiration ; wher^is when the movement of air is obstructed by the narrowing of 
the air-channels, and each respiration is performed with great effort though with little 
effect as regards the quantity of air introduced, the curve descends in inspiration, 
ascends in expiration. Th^e differences Maeey thus explains : in free breathing the 
diaphragm presses on the aorta mid thereby increases the arterial pressure. In restricted 
l^^thing the movement of the diaphragm and consequently its influence is diminished, 
while on the other hand those changes of tension in the thoracic carity, which under 

• ** EiofiiBS der Afliembew^img^ auf HerzscMag imd Blutdnack,” Moieschcct’s Datersnch. 

B. rii, 1860 . 
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erdinat^ circiitasteBces are veiy inconsiderable, are m^iifastly incre^ed wb^e?^ tiie 
Inflmc and of air are obstructed*. 

Pass n.— expehmutib, 

me inquiry was commenced in 1864 and continued at various period duiin^ 1865 
and 1886. Dogs were exclusively employed. On account of the mobility <rf &eir i^ests, 
and the great variety they exhibit in the mode of breathing, th*^ imimids mre «^ci- 
ally adapted for the purpose required. In every instance the respiratory movmnent^ 
and the changes of arterial pressure were recorded mechanically cm papmr moving hori- 
zontally by dockwork- 


1. Description of the Apparatus. 

a. Mespircctory mmenients. — ^For the purpose of recording the respiratory movements, 
a disk-shaped bag of caoutchouc about 6 inches in diameter is used. In the earlier 
experiments the material employed was vulcanized, but subsequently non-vulcanized 
india-rubber was preferred. Each of the opposite sides of the bag is glued to a circular 
disk of wood, which being of smaller circumference leaves a free margin of half an inch 
round the edge. Of the two boards the lower is fixed, the upper moveable. The latter 
is screwed to a double horizontal arm of whalebone, the effect of which is to support it 
horizontally about half an inch above the level of its fellow. By means of this arrange- 
ment the expansive and vertical movements of the bag are limited in such a manner 
that an equal resistance is afforded by the elastic whalebone to the ingress and egress of 
air. The centre of the moveable disk is connected, by means of a vertical rod, with a 
lever of the third kind, which is made of light wood terminating in whalebone, and has 
a total length of 25 inches. The lever works on a steel axis fitted to it by a socket of 
brass ; the axis is supported by a framework of brass which slides up and down on two 
rectangular brass rods, and is so arranged as to be readily adjusted and fixed by a screw 
at any desired height. The lever bears at its extremity a fine sable brush which is 
fixed horizontally at right angles to its length. Communication is made between 
the respiratory passages of the animal and the caoutchouc bag by a X*shaped tube of 

♦ He p^sent state of opinion on the question may be gathered from the following quotations from tiie 
reomt j^ymological works: — 

“ Bating elation the external surfeee of the heart is subjected to a stronger pressure than during impiration, 
which is expr^B^ in the greater frequency of its pulsation and in the rise of the injury in the dynamometer.'^ 
LehrJmch der spec. Physiol. 1862, p. 3^. 

After referring to the most recent research^, particularly those of Masmi, the ^tor of the lart edititm of 
Br. CABfEsran's ‘Ehytiology' says, ^‘During the act of expiration tire ft^u^<y of the pulse is conahbr^ly 
augment^ whilst flie line of me^ pressure rapidly risra, indicating increased tensitm in the arterial walk. .... 
During the act of ini^iration, on the contrery, the pulsation becmn^ slower, the cnrr«s much holder, and tihe 
line of memi pr^rare gredually falls ; for tiien tire blood r^dily enters the thorax, as a eomequea^ tim 
gmt Teins, eapillarfre, and arteri^ walls become comparatiTdly flaccid.” — CAKKBma's last ^ition, 

1864, p. 245. 
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gti^ pet^a, one arm of which is connected with the trachea, the other with the elastic 
bag by a fiexible tube of equal width with itself. The third arm remains open. The 
sHght resistance afforded by this arrangement to the flow of air prepuces Sufficient 
movements of the lever to indicate the exact duration and relative intensity of the 
respiratory movements. 

t>. Varmtiom afierial pressure . — ^As the purpose of the investigation was not to 
measure the absolute arterial pressure, but to determine the variations of pressure with 
reference to their duration and order of succession, it appeared unnecessary to employ a 
more complicated apparatus than the following, from the construction of which it will 
be seen that the results obtained by it are subject to the error due to the difference of 
level between the arterial aperture of the animal and the surface of the mercury at the 
commencement of the observation. The error in question would rarely exceed a tenth 
of an inch of mercury. The haBmadynamometer employed is a U-shaped tube of glass, 
of which the longer arm measures 15 inches, the shorter 10 inches. It differs &om the 
hasmadynamometer of Poiseuille in this respect, that the attached arm, which is the 
longer of the two, is of smaller calibre than the open arm, the area of the mercurial 
column contained in the latter being about twelve times as great as that in the other. 
Hence for every variation of an inch of pressure the surface of the mercury in the open 
tube moves only one-thirteenth of an inch. The movements of the mercury are trans- 
mitted to the recording cylinder, by a lever of the same length and supported on a 
moveable bearing in the same manner as the one described above. This lever is con- 
nected by a vertical rod of iron wire with a conical cork float which rests on the surface 
of the mercury contained in the wide arm, its base being concave, so as to correspond 
with the convexity of the meniscus. The joint by which the vertical rod is connected 
with the lever is so arranged that for every inch of variation in pressure a nearly vertical 
movement of the extremity of the lever carrying the brush, amounting to three-tenths 
of an inch, takes place. In order that the lever may accurately follow ail the oscillations 
of the mercury, its dead weight is nearly neutralized by a weight of lead suspended 
beyond the fulcrum, A similar counterpoise is attached to the lever for recording the 
respiratory movements. 

c. The recording apparatus consists of two cylinders, each of 10 inches in diameter, 
both of which revolve vertically. They are connected together by the band of paper on 
which the tracing is to be made ; this band as it is delivered from the one is wound 
round the other. The motion of the receiving-cylinder is produced by the descent of a 
wmght and regulated by clockwork to which the feeding-cylinder is adapted. The 
movements of the levers are inscribed on the paper in its transit from one cylinder to 
tile other. The rate of movement of the paper admits of being varied according to 
the r^uirements of the experiment, but in most instances it was such that 10 inches 
were delivered in a minute. It is obvious that although the greatest mrt maybe taken 
to adjust the levers in such a manner at the commencement of each observation that the 
points of the brushes are in the same vertical line, this relation can only be mmntained 
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^ Img m tite two leveiB aio paraEel. When therefore great viwdations of 
p^ssnre fafe ^boe in the wurse of an experiment, it is ne^s^ury in cpto to rietemiiie 
the spdriroii^ of ire eTents recorded, to adopt some method of B^ki^ ipnhrmiWl 
ixante in Ae two tracing inscribed simultaneously on the ^psr. 1?hls (^|ect m he^ 
frfiteined by making simultaneous momentary interruptions by withdmwh^ ^ levers 
foom the paper at the same instant. With this view the statwi on which ^ lew- 
apparatus and manometer are fixed is so constructed as to have a horixontel rotatory 
movement round a fixed pin, the position of which n^ly coincides with the ba^ of ^e 
rectangular brass rods on which the bearings of the levers are supported. By this 
movement, which is regulated by a screw, the operator can at will approximate or with- 
draw rile points of the brushes. 

2. Experiments as to the relatim, between the arterial presmre and the 
movements of the thorax in the normal animal. 

The first experiment was made in the Museum of Middlesex Hospital on the 14th of 
September, 1864. The dog having been secured in the usual manner, the dynamometer 
was adjusted to the femoral artery, and as soon as the breathing had become tranquil, a 
mask of gutta percha of a suitable form was placed loosely over his snout and connected 
by a tube with the vulcanite bag. In this preliminary experiment it was observed that 
“each inspiratory descent of the lever was accompanied and followed by an arterial 
ascent, that is to say, by a succession of short and quick oscillations, which imply that 
during the period they express, the ventricles of the heart became fuller and fuller, their 
systole more vigorous but less complete, and their diastole accelerated;, while in the 
interval between each inspiration and its successor the arterial pressure sank, the cbn- 
tmctions of the ventricles were more rare, and the diastole of longer duration.” 

The investigation was resumed in the physiological laboratory of University College, 
the apparatus having been in the meantime entirely reconstructed. Preliminary expe- 
riments were made on the 2nd, 3rd, 9th, and 11th of March, which yielded results in 
accordance with those previously and subsequently obtained. The apparatus was not, 
however, brought to a satisfactory state of completeness till the end of May, after which 
the observations given in the Plates were made. 

Observation I. — ^June 10th, 1865 (Plate XXIII. fig. 1), 

A male terrier of moderate size was secured on its back in the usual way, viz. by 
ligatures attached to each extremity. The femoral artery havmg been expos®!, a rilver 
canula, previously filled with saturated solution of carbonate of soda, was introdu^ and 
secured. The trachea was then laid bare about 1 inch from its upper end, and pffirt&My 
cut ataross. A gl^ tube as large as it would admit was inserted and secure by a Ma- 
ture, which was then connected with the caoutchouc bag hy means of the y-Aaps^ tube 
above described, while the communication between the artery and the dynamomet^ 'mm 
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a Tulcanite tube filled witfc solution of carbonate of soda*. It ba^g 
b^i aic^^in^ that tbe appairdus was in order, and the dog breathing quietly, the 
^lockTOrk was ^t in motion, the rate of horizontal movement of the pap^ being 1 inch 
in Kx seconds. The tracings show that there were about nine respirations and 108 pul- 
mtiions per minute. The upper or arterial tracing is crossed by a fiiint horizontal line, 
which indicates a prepare of 6*2 inches of mercuryf. During the progress of the 
observations the brushes were simultaneously withdrawn from the paper at ^ort inter- 
vals, so Ihat synchronical points could be accurately taken. The tracings show that the 
period occupied by each respiratory act is divisible into two parts, one of which (about 
two-fifths of the whole) is occupied by the thoracic movements, the remainder by the 
pause. Of the first part, two-thirds correspond to inspiration, one-third to expiration. 
It is further seen that the effects of the thoracic movements are as readily discernible in 
the respiratory as in the arterial tracing. The part of each arterial tracing correspond- 
ing to a single respiratory interval consists, as described by Ludwig, of a great wave, the 
contour of which is broken by smaller waves, each representing a contraction of the 
heart. During the whole period of the pause the arterial pressure gradually sinks. 
The commencement of inspiration is immediately followed by an increase of pressure, 
which becomes still more marked during expiration ; but no sooner is the expiratory act 
completed than it again subsides. The apex of the greater or respiratory wave in the 
arterial tracing is therefore coincident with the end of expiration. As regards the effect 
of the thoracic movements on the duration of each cardiac revolution, it is no less di- 
stinctly seen that the interval between each two succeeding contractions is about three 
times as great in those pulsations which immediately follow the end of expiration as in 
those which precede it, and that this interval gradually diminishes until the next corre- 
sponding period. At one part of the tracing, where the inspiration lasted longer and 
was deeper than usual, it is seen that the consequent elevation of pressure and accelera- 
tion of pulse was gi'eater 

Observation II.— June 16th, 1865 (Plate XXIII. fig. 2). 

The animal employed was a male mongrel dog of moderate size. The experimental 
method was the same as before, with the exception that the rate of movement of the 
paper was about twice as quick. The synchronical points are marked by simultaneous 
interruptions, and by dots indicating the relative position of the brushes §. The faint 

* Ib my earlier experiments, although a saturated solution was always used, the blood sometimes eoagolated 
before tte observation was completed, rendering it necessary to remote, cleanse, reinsert, and reconnect the 
stiver «»niila. To prevent this result a pi^ure of about 6 inoh^ of mereuiy, i. e. nearly equal to that umia% 
eadithig in the arteries of a dc^, was first piwdu^ in the dynamometer (by a mechanic^ mrangmeat which it 
is not ne^^ary to ti^ribe) before completing the connexion. When this precaution was takmi, very little 
blood passed beyond Ae stiver tube in the artery, and even there was mixed with the s^ne i^lution in such 
pnopration that no <»agnlation took pkce. 

t Ike absolute value of this r^rdt is subject to the exception made at p. §75. 
t Tb» animid was afterwards ern^oy^^ in an eapcaciment on a^yxia. 

I faint horismitid lin^ mid the dote have been canitted in the engravings. 
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htmzontal iuae drait^s aa arterial pressure of 6 inches. The rate of hreaOiing irais 
11-12 i^ttte, ioni of the heart’s contracti^ms 04. It is to \m noted that in this 
animal the rtme occupied by the thoradc movements was grater as cornered with the 
dn^trtoa id the pause. Hence probably the variations of the arterial teacing are le^ 
ahrapt It is farther to be noted that the diastolic interval is diortest a little after the 
commencement of expiration, and longest immediately after ite terminaticm^* 

Observation III.--June 13th, 1865 (Plate XXIH. %. B> 

The animal employed was a small male English terrier. Experimental method as 
before ; rate of movement 1 inch in six seconds ; arterial prepare 5 inches ; eleven respi- 
rations and seventy pulsations per minute. From the relative length of the respiratory 
intervals and the great regularity of the arterial undulations, the precise relation between 
the two tracings can he determined with great exactitude. 

Observation IV. — May 31st, 1866 (Plate XXIII. fig. 4). 

Animal used, a smooth black male English terrier. In this case a X tube with a very 
wide aperture was employed ; hence the oscillations of the lever were so slight that the 
commencement of inspiration cannot be distinguished. The moment at which the expi- 
ratory act commences and terminates is, however, clearly indicated. Kate of movement 
1 inch in 3*3 seconds; arterial pressure 6 inches; the respirations were more frequent 
than in any of the previous cases, being 32 per minute ; as there were 100 pulsations in 
the same time, three occurred during each respiratory act. Notwithstanding this pecu- 
liarity the relation between the two remained the same ; the highest points in the 
arterial traciiig corresponding to the end of expiration, and the diastolic interval imme- 
diately after that event being twice as long as the, one preceding itf . 

Observation V.^ — June 21st, 1865 (Plate XXIII. %. 6). 

A male mongrel terrier of good size was employed. Arterial pressure 6 inches (indi- 
cated by horizontal line) ; rate of movement 1 inch in three seconds ; respirations 16, 
pulsations 102 per minute. The tracings exhibit the following peculiarities : — the respi- 
ratory movements were more irregular, and the time occupied by them was greater as 
compared with the pause ; so much so that it several times happened tlmt there ws^ no 
interval at all between expiration and inspiration. The effects of this mode of breathing 
are well seen in one part of the tracing, where two inspiratory descents succeed each 
other almost immediately, in consequence of which a high arterial pressure is maiiitamed 
for several seconds. The irregularities of the respiratory tradng are, to spe^, 
reflected in the arterial, each respiratory undulation having the same dumrion as ftie 
arterial undulation which corr^ponds to it^I. 

• The aniinal was used for other experaamM purposes. 

t Ihe was forlher used for aa expeiimeait rdLaiing to &e poiiMiioas of earboBio si&L 

I Tbds aaimaX was sateeqimtiy used in an experim^t on pokonhig ly hy^bmyazdc aiM. 
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Observation VI. — ^May 30tb, 1865. 

IThe animal ns^ was a lar^sized male mongrel terrier. Bate of movement 1 inch 
in seconds; arterial pre^ure 5 inches; respirations seventeen, pulsations seventy-six 
pm* minute. From the irr^ularity of the respiratory movements it is more difficult to 
make out the relation between the two tracings, which, however, is in conformity with 
previous observations. Those inspirations which were deepest and longest produced the 
most marked effect*. 

Observation VII. — ^June 20th, 1865. 

The animal used was of the same description as in the last experiment. Rate of 
movement 1 inch in 3-3 seconds; arterial pressure 6 inches; respirations twenty to 
t%venty-two, pulsations sixty per minute. In this animal the variations of arterial 
pressure were very slight ; but as regards the diastolic intervals the facts of previous 
observations were confirmedf . 

Observation VIIL — June 17th, 1865. 

A female mongrel cur of moderate size was employed. Rate of movement 1 inch in 
three seconds ; arterial pressure 5 inches ; twenty-one respirations and fifty-eight pulsa- 
tions per minute. In this animal the respiratory movements were unusually frequent as 
compared with the contractions of the heart. Occasionally the cardiac and respiratory 
intervals are shown in the tracings to be nearly equal, in which case it is obvious that 
the thoracic movements could not produce any effect on the variations of arterial pres- 
sure. If, however, the respiration was retarded, the usual variations manifested them- 
selves, as is well seen in the second part of the tracing, where the frequency of the pulse 
happens to he twice as great as that of the breathing. The diastolic interval which 
follows inspiration is here found to be not more than half the length of that which 
coincides with it. Again, towards the end of the observation, where the animal is seen 
to have sighed deeply, a succession of short diastolic intervals with increasing arterial 
pressure is seen to follow the expansion of the chest, and to be of corresponding duration 

Observation IX. — June 24th, 1865. 

A male cur was employed in this experiment. Rate of movement 1 inch in three 
seconds; arterial pressure 5 inches; respirations nineteen, pulsations ninety-six per 
minute. The influence of the thoracic movements on the arterial pressure was not 
marked, excepting when the inspirations were deeper than usual. It is worthy of notice 
that there was a distinct pause between inspiration and expiration, as illustrated in the 
first part of the tracing, which serves to show that the expiratory act, unless it is unna- 
turally forcible, is without effect on the arterial pressure^. 

♦ TOie aamal was ftirther used for other experimental purposes. 

t lie aniin^ was subsequently used in an experhnmit as to the toxic effeets of hydrocyanic add., 

t This ffioimid wee ftirffier used for an e^qp^timent as to the influence of strychnia on the thoradc mov^ents. 

§ The animsd was subsequently employed for m es^riment as to the toxic effects of hydrocyanic acid. 
MBGCd^IL . 4 K 
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OBserration X. — ^Jtme 28th, 1865. 

A hill-dsed siale Bate of moveiacsiit 1 inch in ^ ^onds. Hie aninial 

strolled excesavely on being secured, and breathed during the period of observirtion 
120 times in a minute ; the frequency of the heart’s action being from 100 to 200. Hie 
re^imtion wss occasionally interrupted by deep sighs, the efect of which on mrtmal 
prsmure is well shown in the tracing. Each sigh was accompanied by an immediate 
and rapid increase of pressure, which was followed by a corresponding accdieration of Hie 
action of the heart*. 

Ob^rvation XL — August 9th, 1865 (Plate XXIIL fig. 6). 

A male English terrier was employed in this experiment. Hie trachea was not 
opened, the communication between the air-passages and the caoutchouc bag being 
effected by means of a moist bladder tied over the snout. The mouth of the bladder 
was adapted to the T tube already described. In order to ensure the animal’s breathing 
freely, the teeth were kept apart by a wooden wedge. Bate of movement 1 inch in 
three seconds ; respirations eighteen, pulsations sixty-four per minute. The observation 
illustrates the effect of a mode of breathing which, although not strictly normal, is fre- 
quently seen in the dog. The animal inspired suddenly, the time between each inspira- 
tion and its successor being for the most part occupied by a prolonged whine terminating 
in a Hiort expulsive movement which was immediately succeeded by inspimtion. During 
the whine the respiratory lever remained at the same level or a^nded very gradually. 
As regards the arterial pressure, the tracing shows that in this instance the rapid rise of 
the mercurial column coincided with the commencement of the whine, and that it began 
fe) fell one or two seconds before inspiration, so that the period of decline corresponded 
bo last half of the period of expiration and to the whole of the period of inspiration. 

The preening observations afford conclutive evidence that in dogs the expiratory act 
is not the oiuse of the elevation of the arterial pressure which is associated with each 
respiration, for they show that the elevation invariably commences and is sometimes at 
an end before inspiration is completed. It can therefore scarcely be doubted that the 
effect in question is due to the expansion of the chest ; for if not caused by expiration, 
tfrere is no other possible agency to which it could be attributed. It is now necessary 
to show that the conditions of experiment, in so far as they were unnatural, were not 
such as to interfere with the natural performance of the respiratory fmaction, and that 
whatevear explanation is applicable to the phenomena recorded, must necessarily be 
equally applicable to ordinary breathing in the dog. 

I^e mode in which the animals were secured, and the contrivan<^ employed for trans- 
ferring to paper the movements of the air in and out of tiie respiratory cavity, have been 
already d^cribed. It might be objected that the natural breathing woidd be intmffered 
with, mtherby the ^in and terror of the operation, by the absence of the confrolHng 
infiuence of the haynx, or by the redstance offered to the infiux and efflux of air in its 

* ISm saliitetl yms ^terwairds used for an experiment on earbmno oxide. 
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passage tkroagli tlie breathing-tube. The first of these objections is, I think, answered 
by fihe tracings. It is seen that in almost every instance they were performed with 
regularity, and that in several they were remarkably slow as compared i^th the 
orthnary rate of breathing in the dog. Although no ansesthetic was used, yet from 
the simplicity of the operations performed and the rapidity with which they were com- 
pleted, the animals were in a perfectly tranquil condition during the periods of observa- 
tion. Importance is also to be attached to the circumstaiK^ that dogs of impure lueed 
were always employed. The second objection is of little value ; for it is well known that 
in the tranquil breathing the rhythmical laryngeal movements have no appreciable in- 
fiuence on those of the thorax. But the third is of sufficient weight to demand not only 
consideration but special inquiry. 

In preliminary experiments I found that when the caoutchouc bag was connected with 
a mask placed loosely over the animal’s snout, the movements communicated to the lever 
were of the same nature as those represented in the tracings, although of greater extent. 
I had also repeatedly found that the apparatus was so sensible that if the aperture of the 
T tube was placed opposite the nostril at an inch distance, the opposite aperture being 
closed, movements of the lever were produced by the air passing in and out in ordinary 
breathing. By these facts, as well as by the comparison of the width of the T tube with 
that of the natural air-passages, I was convinced that, so far from the resistance afforded 
being greater, it was considerably less than in ordinary breathing through the nostrils. 
Further, from what I believed I had ascertained as to the mode in which the results are 
produced, I was led to expect that they would not have been in the slightest degree mo- 
dified even if the resistance had been many times as great as it actually was. For the 
purpose of testing the truth of this assumption I made the following experiment. 

Observation Xll.—June 15th, 1866 (Plate XXIV. figs. 1-4). 

A male brindled mongrel terrier, weighing 30 lbs., was employed. 3’1 cubic centi- 
metres of a solution of bydrochlorate of morphia, containing one grain per cubic centi- 
metre, was injected into the cellular tissue of the axilla. The animal became torpid 
almost immediately ; there were no convulsions. The usual operation was then per- 
formed. The connexions having been completed, the clockwork was set in motion 
twenty minutes after the injection of the morphia ; the rate of movement of the paper 
being 1 inch in 2 '9 seconds, and the arterial pressure 5 inches. Ob^rvatious were con- 
tinued for an hour, during the whole of which period the breathing was regular. The 
X tebe wMcb was employed bad an internal diameter, of four-tenths of an inch ; and in 
order to produce various degrees of reastance cylindrical corks were used, the transverse 
sections of which were reduced by dicing them in planes parallel to their axes, but at 
various distances therefrom. Thus, between the cork and the tube containing it, an 
was left, of which the section was an arc of a circle of four-tenths of an inch 
in diameter. The corks so prepared were severally marked A, B, C, and D, The form 
of the *rction of the cork used in the production of each tracing is shown in the 

4 s 2 
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1 (%. IJ. Cork B was inserted in the tube, bat by inadvertence a seomd apertare in 
the (»oatA{»c bag intended for a different pnrpose was left open. As it was of eqoal 
di^neter with the tube by which the bag is connected with the trach^ &e resi^ance 
offei^ by ihe apparatns in this instance was extremely small. This is indici^d by tbe 
inconaderable extent of the oscillations of the respiratory lever. Measnremmts show 
that the acceleration of the contractions of the heart, and the incarease of arterial pr^ 
sure, occurred invariably two-thirds of a second after the commencement of each inspi- 
ration. 

2 (not engraved). Cork B was again used, but the second opening in the caoutchouc bag 
was closed. The increased resistance is denoted by the depth of the inspiratory d^ient. 
The characters of the arterial tracing remain unaltered. It is to be observed that when- 
ever inspiration was performed with greater suddenness than usual, its influence on the 
arterial tracing was more transitory, and the interval between the inspiratory act and 
its effect was shorter. 

3 (fig. 2). Cork C was employed. The extent of movement of the lever was much 
increased, but the characters of the arterial tracing are the same. 

4 (%. 3). By inserting the cork D, which almost filled the aperture of the T tube, 
the resistance was increased to the utmost. The main features of the arterial tracing 
are unchanged, but the variations of arterial pressure occur at a shorter interval, viz. 
four-tenths of a second after the thoracic movements. The breathing was slightly acce- 
lerated, the number of respirations per minute being thirteen as compared with eleven 
at the beginning of the period of observ'ation. 

5 (not engraved). The cork A was substituted for D. The breathing appeared to be 
perfectly free, the extent of movement of the lever being scarcely greater than when 
the aperture was left entirely open. 

6 (not engraved). Soon after the last observation, viz. an hour and five minutes after 
the commencement of the experiment, the breathing became irregular, the respirator)^ 
movements becoming unequal both in duration and depth, although no change was 
made in the apparatus. The effects of these variations are seen in the tracing. 

7 (fig. 4). In order to carry the investigation one step further the open arm* of the 
X tube was completely closed, so that the limited quantity of air contained in the cjon- 
necting tube and in the caoutchouc bag was repeatedly respired. The tracing was made 
during a period commencing twenty-three seconds after this had been done, and shows 
that the movements of the respiratory lever were still more ample, and particularly that 
the inspiratory efforts were so energetic that the caoutchouc bag was emptied each time 
the chest exjmnded. This is in^cated by the horizontal line between the descending 
and ascending limb * of the curve. The breathing was scarcely at aU accelerated (12-14 
per minute), and the arterial tracing retains the same character as before. The increased 
arterial tension and acceleration of the pulse lasted in each case during the whole of the 
period of inspiration. 

The series of results just stated afford evidence that tiie rdarimi previously obi^rved 
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be^eea file thoracic movements and those of the heart do not depend on mechanical 
©mrfition# peculiar to the mode of experiment ; and they furnish additional proof that 
it is not affected by the abnormal psychical conditions of the animal, which in this in- 
stoce was throughout under the influence of morphia. It may therefore be assumed 
that in the dog, so long as the respiratory passage is sufficiently open to allow of the 
mitrmice of air into the chest, the act of inspiration is invariably followed in normal 
breathing by increase of tension and shortening of the diastolic interval, i. e. acceleration 
of the heart’s action*. It remains to be considered by what instrumentality this influence 
is exercised. The facts indicate that the result consists in an alteration of the mode of 
contraction of the heart That part therefore of the nervous system which preside over 
the movements of that organ must be concerned in its production. But the effect may 
be brought about either by agencies which are entirely mechanical, i. e. altered relations 
between the pressures existing in different parts of the circulation, or may be also more 
or less due to changes in the chemical state of the circulating fluid. For this reason 
the proper course seems to be, first to determine to what extent the increased activity 
of the heart which follows each inspiration may be accounted for as a mechanical effect 
of the expansion of the chest. Then, even if it be found that the whole of the observed 
phenomena may be thus explained, it will still be open to question how far the chemical 
consequences of each respiration may be also concerned in their production. 

The effect of the respiratory movements on the arterial pressure stands in relation to 
the fact, demonstrated by Bonders, that ail the organs contained in the chest are kept 
when its walls are at rest (as e. g. after death) in a state of distension, so that the mass of 
the thoracic viscera has constantly a tendency to shrink to a smaller volume than that of 
the cavity in which they are contained. As all of these organs possess elasticity, they must 
necessarily all participate in any expansion of the whole mass, but inasmuch as they resist 
expansion in very different degrees, their participation is unequal. Of the four principal 
kinds of organs contained in the chest, viz. the lungs, veins, arteries, and heart, the 
arteries and heart (when contracted) are by far least capable of distension, for they are 
already distended by an internal pressure equal to that of 5 to 7 inches of mercury. 
Consequently in inspiration the arteries and contracting heart take little or no part in 
the amplification of the chest ; so that the increase of bulk produced by dilatation of 
the thorax is for the most part divided between the lungs, the great veins, and the heart 
when in a state of relaxation. The actual ratio between the resistance to expansion of 
the arteries and that of the veins may be inferred, from what we know of the relative 
tension of the blood in the two systems of vessels, to be about 20 : 1. 

In ordinary inspiration with free access of air two effects are produced. The tension 
of the air contained in the respiratory cavity is reduced, and the resistance to expansion 
of the lung is increased. These two conditions exercise a similar influence on the 

* If, liowever, die commanicatioa between tbe chest and the ataaMjdiere is completely cIm^, the relation 
is iwera^. The rariations of blood-pressure in the then become coincident in time and of similar 

wife fe«e of air-pressnre in fee feoraoie cavity. This will he feown in my paper on apnoea. 
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^oradc ?eiag and hem^. The former, however, is of li^e importeac^, for its o^^alioa 
is iacoa^^Me in itielf, and is moreover confined to the period during which the 
thorax is acten^y expanding. It is to the latter condition (the resisto<» offers hy 
the contractility^ of the lung to expansion) that the effect of inspiration is mainly refer- 
able, If ^e veins, like the lungs, contained air, and communicated freely with the atmo- 
^here, they would evidently expand as rapidly. Actually their expansion is much slower, 
m that during the act of inspiration the relation between their expansibility and that of 
the lung is alters, the j^roportion of the thoracic space occupied by the lungs being 
incr^sed, that occupied by the veins being diminished. Correspondingly the resistance 
to dilatation of the lungs, as compared with the resistance offered by the mass of intrar* 
thoracic organs, is increased, that of the veins diminished. If the chest continues ex- 
panded the balance between the two resistances is gradually restored, that is to say, the 
veins fill with blood until their distension attains the same proportion to that of the 
lungs which it possessed before inspiration. Hence it follows that the repletion of the 
veins produced by inspiration varies in degree according to the length of the period 
during which the expansion of the chest continues, so that by a short inspiration, how- 
ever deep it may be, scarcely any effect will be produced on the circulation. As during 
diastole the cavities of the heart are affected by the movements of the thorax, in pre- 
cisely the same manner and probably in about the same degree, the preceding conside- 
rations are as applicable to them as to the veins, mutatis mutandis. 

In expiration a slight increase of tension of the air contained in the air-passages takes 
place. But if the efflux of air is free and unrestrained, this influence is so inconsider- 
able as to be without influence on the thoracic organs. The only way in which expira- 
tion can materially affect the circulation is by diminishing the capacity of the thorax. 
In reguhtr breathing its effect must be always equal to that of inspiration ; for whatever 
increase of the calibre of the veins results from the expansion of the chest, must be 
reduced when it collapses. 

But if in any expiratory act more air is expelled by the forcible contraction of the 
expiratory muscles than has previously been inhaled, the capacity of the veins will be 
thereby reduced in a degree proportional to the diminution of the capacity of the chest 
itself. Thus, if it were possible for the chest to be so contracted by the action of the 
expiratory muscles as to allow the lungs to collapse to a bulk equal to that which they 
assume when left to themselves, their tendency to contract would he in abeyance and 
their distending influence on other organs contained in the chest would no longer be 
exercised. Similarly, in all less degrees of contraction, the distension of these orgauas 
must be proportionably dimiaished. In other words, the differmee h^mem the p^esmre 
to which the thmradc veins are exposed and that of the atmosphere (the so-called n^rive 
pressure), varies with the volume of the thoracic camtp prmiied that the air-pam^en ate 
open. 

The preceding considerations lead to the conclusion that the dilatatkm of the chest in 
inspiration aids the expansion of the heart during the diastole, and of tiie thoracic vdns. 
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Thte ^^aaatioE <mimot, howeTer, be regarded as complete nnle^ reference is made to 
o&mr eonditicms not yet taken into acconnt, i. e. to variations of the velocity of the cir- 
cnk-rion, and of the pressure existing in the systemic veins. For although there can be 
no doubt as to the direction in which increase or diminution of the external pressure to 
which the thoracic veins are exposed must affect the quantity of blood which they convey 
to the heart, the degree in which their influence is exercised must depend on the 
fulne^ of the veins outside of the chest. In healthy animals these two conditions are 
inseparably associated together. The more rapid the circulation, the fuller are the veins 
as compared with the arteries. When the veins are distended and the movement of the 
blood is rapid, the filling of the cavities of the heart, in diastole, takes place in a shorter 
period, while at the same time the contraction of both auricle and ventricle is more 
sudden and effective in consequence of the diminished arterial resistance. In the oppo- 
site case, when the veins are empty and the movement of the blood within them is 
sluggish, the cavities of the heart fill slowly, and empty themselves imperfectly in con- 
sequence of the excessive arterial resistance. 

This being admitted, it may be readily understood that the effect of inspiration is 
likely to be materially influenced by the relative velocity and tension of the arterial and 
venous circulations. In the one case the right auricle, at the moment of commencing 
diastole, is stiU full of blood (^. e. when the arterial tension is high, the veins empty and 
the circulation retarded), in the other the right auricle is empty at the end of systole. 
In other words, when the thoracic veins are almost emptied by the heart, at each con- 
traction the effect of thoracic expansion is far greater than when the intrathoracic 
veins, even in their emptiest condition, are much fuller than those that lie outside of the 
chest. 

It being admitted that the expansion of the chest not only aids the filling of the heart 
during diastole, but affords it an abundant supply of blood, the shortening of the diastolic 
period, and the increase of arterial tension may be readily understood. Inasmuch as 
the heart possesses the property of contracting the instant that its walls are dilated with 
blood to the proper degree, it is manifest that the more rapidly the heart fills the shorter 
must be its interval of relaxation, and the more frequent its contractions. It is no less 
obvious that increased pressure must be produced by the same agency ; for, provided that 
the ventricles are well filled with blood at the moment that each systole commences, 
the more frequently they contract the greater will be the quantity of blood forced into 
the systemic arteries, and hence the higher will be the arterial tension. 

I venture to think that the explanation I have offered of the phenomena observed is 
complete and satisfactory, and that it will be found to be consistent with all that has 
been previously ascertained: But I do not deem it the less necessary to pursue the 
investigation further, for by so doing I shall certainly strengthen the basis on which mj 
^^ry is founded, and anticipate objections which might otherwise be made to it 
Adffiitti^, then, that the influence of the respiratory movements on the heart is partly 
n^hmiicai, I proceed to inquire whether it is not also partly chemical. Thas may be 
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tested by eb^trog the remits obtained when a mode of breathii^ is induced in wMiii 
the mechanifflmL is revei^d or altered while the chemical chan^ are the same. For 
this purpcm I ha?e availed myself of the well-known properties of wooraia, under the 
iniumice of which the respiratory movement cease, while those of the h^t remain 
unaltered. 

S. MwperimmU as to the relation between the arterial j/resmre and the thoraek 
mmments in artificial respiration. 

Observations XIIL-XVI. — ^August 11th and 16th, 1865, and June 2nd and 8th, 1866 
(Plates XXIV. & XXV). 

The animals employed on these occasions were (1) a short-legged spotted cur, (2) a 
small English terrier, (3) a bull terrier weighing 13 lbs., (4} a black and tan terrier 
weighing 18|^lbs. All were males. With the exception that in the last experiment 
the pneumogastric nerves were divided, the procedure was the same in each case. The 
rates of movement of the paper were as follows: — ^August 11th, 1 inch in 3*2 seconds; 
August 16th, 1 inch in 3*5 seconds; June 2nd and 8th, 1 inch in 2*8 seconds. The 
solution of woorara employed in 1866 was kindly given by Professor Haeley; that used 
in 1866 was obtained some years ago from Professor P^louze, and is believed to have 
been derived from the same source as that used by Beenard in his investigations of the 
toxic properties of woorpa. 'The solution contains 0*01 gramme of the substance in 
each cubic centimetre. The solution was always injected into the subcutaneous cellular 
tissue. In the two more recent experiments the quantity used corresponded to one- 
tenth of a gramme of solid woorara. The respiratory movements ceased at periods 
vmying from twelve to fifteen minutes after the injection. 

The apparatus was modified so as to admit of artificial respiration. For this purpose 
a common pair of bellows was employed, which could be adapted at will to the open 
end of the T tube. The caoutchouc bag was provided with a second tube of the i^me 
size as that by which it was connected with the T tube. This additional tube was kept 
clo^d so long as the animal continued to respire naturally. As soon as it was desired 
to practise artifical respiration, air was injected by the bellows ; of this air a sufficient 
preportion inflated the chest, while the remainder passed out through the caoutchouc 
bag. Immediately after each stroke of the bellows the air introduced was expelled by 
the elastic reaction of the thoracic walls. By this arrangement the too forcible inflation 
of the lungs was effectually prevented, and the complete removal of breathed air from 
the apf^ratus was ensured. As the experiments were all of the same nature, I prefer to 
enumerate the results obtained rather in their relation to ^h other than in the order 
of time. 

1. Under certain circumstances, Wd particularly when artificial respiration ispractired 
at long intervals, the inflation of the lungs appears to produce analogous effects to those 
of m’dinary breathii^. This was wdl seen during the observations made on the 16th 
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al^ tibe i^cMEneic ssovemeate had cea^, air was inji^ted 
feipisiwii at iotamdi, at tot of tea i»{»nds, and sab^quently of fifte^ 

ia ^th mjh inflation was followed by an iii<a*ease of arterial tension, 
«i im ae«Blei^on of ^ pnlse. Ihe result of one of the^ experimaits is fehown in 
WbM XXIV. %. 6, the interval between each inflation and its successor being fifteen 

% It howoTer, ap^p^red that the relation observed on this occasion was not con- 
stent; for even in the mm^animal it was subsequently fonnd that it could no longer be 
when ihe interval was shortened to five ^conds ; the variations of ^terial pres- 
mse of pui^frequency in this ca^ resembled those previously seen, but it was only 
every third stroke of the bellows that applied to he effectual (see Plate XXV . fig. 4). 
A timilar eflfect had been previously observed in the experimait of the lltb of August. 
Again, it was repeatedly noticed that even when artificial respiraticm was entirely dis- 
Ointinued, rhythmical variations in tiie force and frequency of the heart’s action mani- 
fested themselves. This is well seen in Plate XXV. %. 3, taken about an hour after the 
solution had been injected. Similar undulations were observed during apnoea in all the 
animals experimented npon, the intervals varying from five to fifteen seconds. 

3. The results stated in the preceding paragraphs seem to show (1) that there is a 
marked tendency to periodical variations in the activity of the heart of animals under 
the influence of woorara, and (2) that these variations are for the most part independent 
of external agencies ; and it seems not improbable that the api^rent relation observed 
between the artificial thoracic movements and the fluctuations of the mercurial column 
in certain cases, may be due to the mechanical stimulation of the heart by the sudden 
inflation of the chest. However this may be, subsequent observations show that a much 
more marked and constant influence is exercise by the injection of air into the chest 
under other drt^imstances. In my experiment of June 2nd artificial respiration was 
©Mumenced about a mmnte and a half after the natural breathing had ceased, and the 
inflations were «)ntinued at intervals of ten seconds, just as in the experiment of the 
previous jem:. About five seconds after each stroke, as is well seen in the tracing 
(Plate XXTV. fig. 6), the arterial pressure rose. Here the length of the mterval between 
the two evmrts at once ^igg^ted that the relation between them (K>uld not postibly be 
me^ani<^. 

4. In other ob^rmtions whichi were made after several minutes’ discontinuanoe of 
artifiribd impb^ticm wm still more evident In all the animals I found that the 
h3»t wm much less a;ffected by Ihe privation of air thmi in tiie normal state. Thustlm 

«^d be suspended frnr toee or four minutes witirout making any material 
In ^ chmr^^ ^ ^tillations of the mereurtel column ; bat whan apncm 
prcdoi^^ the artoial pressure gradually subaded from 5 or 6 inch^ 
io S M th©» eun^mMinces air was inj^al no immediate eflfect Was pro- 

a etevatiaa <4 ^ arterial Imm rimidteaeous with tte Mtoju. 
m sewi a^^ads <he pressure bc^ to me, vriiiSte ^ teirt’s 
4 h 
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Mxm ^eiap^ to tlio bc^hiA ie^d. t!f\mrm^ms ^ tbk «bit 

mm. m Hate XXV. %. § oktim^ m ^ ^ Mb^ «fc«il 

&xm inmates of apnoea, a sl%ht inflation was made, twenty-two mlimt^ karog^^ilrf. 
dam liie tajej^m dt Matioa. Hie letoisd pi^sime 1^ mmk i&m. 5 mdm t@ 8. 
Hie mtetal betweaaiBdfeHen andits^fedi wasiixi^et^^ IlteiMFeasdtai^^ «C^ 
leart la^^ fourteen ^eonds, aftar whkdi tiie ms&mf ^Mdad to itsiaiaii^l^^ 
on the 2nd of Jaim (Hate XXV. %. 6), tweli^e imnu^ sites dm hB|ectim dT wmmm^ 
artiimai r^pimtion ifm ifecontinaed for fotar mia^es, at the mid of wl^Wk dm 
artedal pnessitre had simk to 3 inches. The ^owed ^ si m rf 

^en seconds, and tasted for about ten ^coi^s. About hatf a idi^, tite ^iedi- 

work was stopped, and Ihe ammal was agmn d€|Uit*ed erf air for four 3^ 

prepare having again smA to 3 mebes, the inflMion was iq^ted 
result. An observation df the same nature made in 1365^ Apz»sa had eadsted f^r 

four minutes, the injection of woorara having been made (me h<mr a^ tei p»^ 

oudy. The usual mechanicdl effect accompanmd ti^i^^on of eh&d^ but ao more 
permanent elevation of arteriid pr^ure occurred un^ abfrnt e^t second later. It is 
to be noted that the effects descrflied above ccudd only be idifedued when Ihe 
pressure had been considerably reduced by apneea ; for if Ihe inflation of the <hest had 
been discontinued for shorter periods no material incimse of tmision was podut^ 
^resuming it. 

5. As in all the observations recorded in the preceding paragraph the intov^ betwe^ 
each inflation and its effect was too Icmg to admit of miy mechanical mqpla^^ion, 
phenomencm cam only be referred to the chemk^ action of iim injected air m ^le car^ 
cnlating blood. To te^ this I repeated the expmiment on two ooca^ems, with flbis 
dilference, that hydrogmi was substituted for air. In each case the result ^ 'ssme. 
An obi^rvaticoi <rf this nature wm recorded on the 2nd of June; ^afidW 
had bem stt^iended until the arteiM pres^re had sunk to 8*4 ittc^ The wia 
^en faHy inflated with hydrogen, whm it mas observed the ^ 

rising at the sixth or seventh second, remained at the same level. Fourtem 
a very mjection of mr was fiu^ wh^ was foUerwed ^ ^3^1 

later were fedly infigd?^ with in oemseq^^je ^ wteh dm 

to 6 lnJie& 

fl; It m tforious that if wriflcM m^imtioa esme^m any 
the el^ be that-^m#mihy 

movmnmte, but t£ ^ cfporite '3Wrt»e. For air is it is'«imtaii 

ex^oi^^ irf'the mem ^ dimm^si^.^^ mU-h 'wammM % udiaii 

' 1 ^ve ^foita^ies ai 

i t. flkut dm af k ^ m. kimiMm 
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twiwia ft©’ €kmd^ wef Ai^ast lift, wh« 

Iemt a hs^ vm&mt fte wimmm #f ft© fomom, amd the pal^ 

at ikwm fti^ if arftloM w^ Tigorop^^ 

ftmad at scalar a mvM he ohteda^ of ft© cha«a)tar ftown in 

m^xm. X, mwIMt it is se@a that ^ch iajectioa of air i$ aocompamed by a 
'mef ft^hi eleration of fte arteml lerer, whicft, however, was not 
wift of the hesert’s contractioiis. This experimeat was repeated 

ftdte m the 8th of Jtme, wli^ a corresponding bnt mot so marked 

nN^^mc^ wm observed. Tar mibiites afterwards both pnenmogastrics were 

m fte The ^terial pressure at once rose to 0 inch^, and the pnlse attained 

a of 240 pei* minute. The mercurid. column remained at the ^me height for 

minutei^ during which fte tracing (Plate XX V. fig. 2) was taken. Here, as in 
fig. 1, it is seen that the diminution of arterial pressure produced by each iiftation is 
iK^ acoMnpanied with any acceleration of the heart’s contractions*. 

Tbe related in the preceding paragraphs afford no answer to the question whether 
the phenomena observed are due to the direct influence of aerated blood on fte heart 
itself^ or to its indirect influence through the nervous centres over the rhythmical move- 
ments of the heart. Their principal significance in relation to the present inquiry consists 
m their afibrding ground for the inference that, whereas the effects of the thoracic 
movement in ordinary inspiration are almost immolate, a considerable time is required 
for fte produetion of those which are due to chemical changes in the circulating blood. 

4. Experiments as to the reloMm hetwem the artenal pressure and the thoracic 
Tmeements after section of the pnmmogastric nerves. 

It m fte of Ludwig (Lehrbuch der Physiolcgie des Idenschen, Bd. ii. p. 163) 

that fte increased frequency of the contractions of fte heart which follows ordinary 
inspiration is m |^rt owing to excitarion of the pneumogastric nerves. This view Ire 
snppmhs vm tW ground thid:, although an increase of arterial tension corresponding 
ft© ft^reased ^^anrion of the thorax is obseiwed to accompany fte expiratory 
^ m amn^ in which the vagus has been divided on each side, this eff^t k not asso- 
mfti anyamte^fton of the puke. I have already endeavoured to ftow ftat the 
r^iratey wkftma €«f fi^piency of fte heart’s action admit of a more simple 
it however,, ne^ kss necessary to investigate fte &Gte in question, 
uiift e^^^y ^ tel ft su^pest imch an inference as that drawn from them 

MM wM. k» 0 vm fts^ fte teitediid^ ^fect of secticm c£ fte vagi in the neck is to 
tetefe-tetefOH^y ei mid to aceeteraft lire q«mtractions d fte heiHt. 

teie^ to tha^ ctei^s wMft must be r^rred to 

hm M them temig cai our k^ry. The d r^^tion, sMsx k 

# Itei te cf 1 h^ 1b# fi«^Wa®Qs d Ibe wcftldbkrer ai# not 

m fte alftei;^ are well defined m fte 

4d2 



pecTiliar, tf jcm in^di the movem^ts of the thcanx, yea tol^ 

diest ismmtas^y and secondly, in its dfti^diai w 

formed «l<wly mi with effort, and is immediah^y followed by an moi^iaiirt 

of so sadden and Tiolent a character, that it resembles the collaj^ of m tog m 

bkdd^ distended with gas which takes place when its sto|K»ck is op^i^. Bie in^- 
ratoi^ ^t, on the other hand, is not only slow but comparatiTely toatless; for altei^ 
the animal breathes so much less frequently than before, the quantity of air in at 
each expiration is scarcely, if at aU, increased*. As r^ards the action of ^ hea^ it 
does not appear to have been noticed by physiologists that the acceleration is imt Ae 
only result produced ; along with the increased frequency there is a great ina^^ of the 
arterial pre^ure, amounting in some instances to 2 or 3 inches. This effect, ^th<mgh it 
occurs immediately after the operation, is a continuous one, and may be observed at any 
time after its completion. 

The experiments on which these statements are founded were made at various peii<^ 
during the last tw^o yeai s. I submit the tracings of two observations, made ^verally on 
the 29th of July and the 1st of August, 1865. 

Observation XVII. — July 29th (Tracings not engraved). 

The animal employed was a large, rough, mongrel terrier (male). The rate of move- 
ment of the paper was 1 inch in 7*4 seconds. The experimental procedure was the same 
as usual, with the exception that the two pneumogastri«s were exposed low in the neck, 
and ligatures passed round each of them. Immediately before dividing the nerves the 
animal was breathing tolerably regularly fifteen times per minufe, the arterial pressure 
being 5 inches and the rate of the pulse seventy-eight. Six seojuds elapsed between the 
sections of the two nerves. After the division the respiratory movements be<^me irre- 
gular and thmi excessive, the arterial pressure increasing at once to 6*2 inches. In less 
than half a minute after the first nerve was divided the breathing had a^dn b^ome 
r^ular, but had dimmished in frequency to nine per minute, and had assumed tibe Aa- 
racter usually observed after section. So long as the respiratory movemmte worn regu- 
larly j^rformed the mean arterial j^essure remained unaltered, the variaticmi during 
each respiratory act being as follows : — ^the highest point coincided with ftie of 
expiration ; the pre^re then smik during a period of about four-tMrds of a m^nd, 
then gradually rose until the commmicement of the next uspimtory act, wM(^ was 
accompanied by a much more decisive increase of arterial ^nrion, ^ting iw j^hout two- 
thirds of a second. Immediately after section of the first nerve the freqmwi^ of tto 
pulse increi^d to 150, and subi^uently to 165, which late wits maintiffittcd. 

After a timft the respiratory movements became irr^idar, ocoyswffldly^ however, 
their ori^aal character. The irregakrity principally conri^^ m tito mmNaaMd 
and frequency of the inspiratory movements, in wnsequ^ce ^ whi^ tito 

♦ !ak gtatemcait is firaaded m die dbs^afiOTis Eosurmia, "IKe ^ 

Beririnmpn sum Hwnig Vagus/ p. 109 ^ * 
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we mpmledlj redtt^ b^w the orighial level, rismg again as soon as the fcn-mear 
^ breathing was lesnined. 

Observation XVIII. — ^August 1st (Tracings not engraved). ' 

On this occasion a rong^ mongrel terrier vras used. Bate of movement 1 inch in 7T 
se<x>nds. Before section the animal was breathing somewhat irregularly, twenty-seven 
times in a minute, the rate of pulsation being forty-four, and the height of the mercurial 
column being 6 inches ; twenty-three seconds elapsed between the section of the two 
nmwes. During this interval the respiratory movements gradually increased in extent 
and became irregular ; but immediately after the second nerve was divided the thoracic 
movemmits became so violent as to shake the table and apparatus, while the arterial 
pressure rose to 8 inches, remaining at that height for several minutes. The animal 
continued to breathe violently for about sixty seconds, during which period about twenty 
inhalations took place. After this the respiration assumed a more regular character, its 
rate varying horn five to six per minute. After the first section the pulse gradually 
increased in frequency, finally attaining a rate of 120 per minute. This rate was main- 
tained for two minutes and a half, when it suddenly diminished to fifty. 

In all the animals I have observed after section of the pneumogastrics I have found 
(1) that the arterial pressure tends to increase duiing the slow inspiration, and to decline 
during the pause ; (2) that a more rapid increase of tension occurs simultaneously with 
expiration ; and (3) that this last effect, as I have ascertained by repeated measurements, 
never lasts for more than a second. In order to arrive at a satisfactory explanation of 
th^ facts, it is necessary to consider what is the condition of the heart and circulation 
after section of the vagi. The arterial tradngs obtained indicate extreme abbreriation 
of the diastolic period combined with high mrterial tension. The contractions of the 
heart follow each other so rapidly that the organ is in a state of continuous thrill, wfiOe 
at the same time they are suffidently vigorous to maintain an arterial pressure several 
inch^ higher than the normal. In other words, the heart, although it relaxes between 
each contraction and its suco^or, never has time to empty itself, so that the whole 
systemic ckculation is unduly distended. All this is sufficiently explained if we assume 
that akmr section of the pneumogastrics the action of the heart is intensified, the effect 
being alt^ether aualo^us to that which results from the injection of air into the lungs 
of a partially asphyxiated ammal (see Obsen'^ations XIII.-XVI.). It is to be further 
aoti^d that the thoracic cavity is also in a state of permanent distension, in consequence 
the ex<^8ive action of the inspiratory muscles — that is to say the thoracic walls during 
more half of the respiratory act remain expanded to such a degree that their elas- 
:^ty is more than counterWaneed by that of the lungs. 

Thk being understood, it appws that there are two distinct reasons why the effect of 
is 1^ marked after section of the vagi than in the normal animaL It is so, 
Iwimu^ fhe di^tolic period k already so abbreviated that there k no room for 
iJ^bi^fiatioa ; and secondly^ teotuse the veins of the chest being alr^y expanded 
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K^kfid me which accompam^ ex|am<i<ai, mm 

to the c<Ma|i?^m of the ah* coatdpoed m the ah-p^^^ prodm^ hy ^ 
taaetioa of tl^ <ii^ It resembles the elemien of mtimsl nAiA l«s }mm 

4^^hed m toe immediate mechamcal ^dM ^ ^ 

^dte dfets dmy» accomj^y ymksik expritory 

Cmdwdmm 

1. Ihe ioT^ and freqeaacy of toe contractions of the heart may be 

by variations in toe intratooracic pressure — ^viz. toe pre^ure to whmh ito 0 m wmt^^ m 
that of toe intmtoomdc bl(x>d-vei^els is exposed — or by vatoaticms in the chmMC^ ^to 
of the circulating blood. 

2. In natural breathing the influence exm^cised on the h^rt by each exps^^ of toe 
chest is entirely mechmiicaL This may be inferr^ from its being no longer o*^a*fed 
when toe mechanism is altered, as in artificial respiration, as well as from the toortn^ 
of the interval by which the effect is separated from toe cause. 

[This conclusion is strongly confirmed by observations which I have made in fee course 
of my experiments on apnoea, in which it was found that in animals asphyxiated by the 
continued inhalation of a limited quantity of air from a bladder, fee ncamal relation 
between the thoracic movements and toe arterial pressure and feequeucy of toe pulse 
remains unaltered.] 

B, H^e degree in which this influence is ^erdsed varies aceor^ng to toe state of the 
circulation. It is greatest when toe systemic veins are fell, toe dreulatimi rapid, and 
toe arterial pressure low. Under toe opposite conditions it can scarcely be r^o^nzed. 

4. In tranquil breathing toe influence exercised by variations of air»prefi»m^ in to^ 

brentotial tubes and vesicles of toe lung (auMJunting to about (f^*02 of mercury) (Dohdsi^) 
is so slight as to inappreciable ; and even when the extent of variati<m is much in* 

cr^ised by narrowii^ toe aperture through which air passes in and out d toe toed: (m 
m the experiments related in Observation XII.), no effect is observed wltoto ^ 
tinted to toe impeded irtox and efflmt of air. 

5. In forcible breathing toe effects of variations of air-pressure may be 
l&is is particularly toe case as r^suds violmit expulsive movasmito; 
effect of normal expiration is not a^:edable, violent expiration is 

by a amultaneous increa^ of artmsd pressm*e, as e. g. in mmsmis fe whito ^ve 

been divided. In this ca^ fee dastic «mtractility of tag^ m ^ 

pelling the afr «mtained in toe chest, fee native pre^sne m flte d 

toe great arteries is corre^ondii^ly femhiMhed, and hmw^ 
their mtemal Is nnne^ed. 

0. 13ie im^^^ action of tim h^t which resi^ fom dwarfs 
in toe drculsting fluid by €Xp<OTre to ah: retembl^ toe medbmmc^ 
fejto bang by mtaraate of mtoM tentom ^toe pifea 
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Immm, hB iem fe^, ^ the fe^h of ita^w 

^ ekfwses after the mhrodectioii of air before the effect manifests it^; mi 

by the it is €M)t faucet at all nnim ikm anima} has l^n 

Sox ^Sem of so to waicea ^ acticm of tte he^ and dimmi& 

i^Moa ftie rei^p&atey movement, the arterial pi^snre, mi 

the frequeiM^ of the contractions of the heart, in ftie dog, has been shown to be the 
of Mtherto aipposed to exist, Inasmndi as many of the coMitioos on 
wl»ii t^ilon <tepen^ are mot the same in airaals of different ^eci^ the rela^on 
is mo 4»ht mbject to eorresponding modific^tioi^ ; hat it may be adorned thd; m 
all animals having hearts of the same stmctoe, vmmtions in the quantity of blood omr 
tained in the venae cavae influence the mode of contraction of the ventricles, and conse- 
quently the arterial tension, in the same v^ay as in the dog. 

Mote . — Professor Valentiiv, of Berne, in his recei4ly published work (Versnch einer 
physiologischen Pathologic des Herzens, Leipzig, 1866) gives the results of obi^rvations 
made on Marmots during their vsinter sleep as to the relation between the respiratory 
movements and the arterial pressure. In the Marmot, when in profound sleep, the con- 
tractions of the heart occur at long intervals, which, however, are much exceeded in 
duration by those which iseparate the respirations. By connecting the carotid artery 
with the kymographion (which can be done vrithout waking the animal), a tracing was 
obtained from which it appeared that the mercuiial column sank during the first third 
of inspiration, rose during the second two thirds, continued to rise during the beginning 
of expiration, and again fell during the remainder. Of these facts he gives the following 
theoretical explanation : — “ The negative inspiration-pressure not only sucks air into the 
lungs, but blood towards the heart. The greater impletion of the heart enables it to 
propel more blood into the arteries, and increases its frequency, while its contraction as 
compared with its relaxation is prolonged. Expiration produces an opposite result ; for 
it facilitates the emptying of the lungs of blood, and adds to the systemic pressure. But 
inasmuch as the heart becomes less and less full during expiration, the increase of pressure 
is limited to the commencement of the expiratory act, a smaller quantity of blood being 
injected into the arteries. At the same time the duration of the contraction diminishes, 
wMle that of relaxation increases*' (p. 353). Here the author appears to attach much 
more importance to the direct influence of expiration than the facts warrant. 

Explanation of the Platj^, 

la mdk %ure the upp^ tc^ang is that produced by the lever connected with the 
Pyimmometar, and expresses &e i^mtions of arterial pressure ; the lower by the lewr 
wifti the caouthhouc and expresses the movements of air in mid out of 

* Jfe tim tracing thr^^«^s of an inch of verti&il measurement correspond to 
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of lateist pitmam. Hie breaks mdicate tf^ihnmietyi pra:^ is ibtkiia 

teiKSHfi. 

XHIH. ^ 1, 2, 3, 4 & Varied of 
tJiat fo» itf in wMdi expiialion cmmm^ wilfc a potapi 

Fto XXI¥. figs. 1-4. Obstracted r^imtioB^ fip. 1, i Ifc % rf 

I^Emil&^tnbe, the of <d>stnictioii being indiimt^ by fihe ^ ^ 

B, C, B; %. 4, mmplete dlosnre. 

Fkte XXIV. figs. 5 & 6, and Bate XXV. %s. 1, 2, & 4. ibrtitod 
after subcntan^ns injection of woorarn: fig. 3, pmod daring which arrii^ki 
was arrei^^; figs. 6^6, effects of single injecrions of air into tibe chart s^ar 
minntes^ dkcontinnance of artificial re^iration. 
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XIX. Cmtnbutim ta the Anatomy of Hatteria (Rhynchocephaius, Owtejt). 

By Albie® GCifTHiE, M.A., Fh,I)., 'M.1). Commmkated hy Professor Owen, F.B.S. 

Eeceived April 4, — Eead May 2, 1867. 

The remarkable Saurian which forms the subject of this memoir, appears to have 
been first mentioned in a diary by Mr. Andeeson, the companion of Captain CoOK, 
to whom “a monstrous animal of the lizard kind” was described by the two New 
Zealand boys who joined the expedition whilst staying in Queen Charlotte’s Sound 
(Cook’s Third Voyage, 2d edit., 1785, voL i. p. 163). Polack (New Zealand, 1838, vol. i. 
p. 317) speaks of it as a creature well known to the settlers. “The gigantic lizard 
or guana exists principally in the island of Victoria. Some are found in the isles of 
the Bay of Plenty. The natives relate ogre-killing stories of this reptile, but doubtless 
it is harmless.” 

Dr. Dieppenbach has the merit of having first made us acquainted with it. In his 
‘ Travels in New Zealand,’ vol. ii. (1843) p. 205, he has the following notes : — “ I had been 
apprized of the existence of a large lizard, which the natives called Tuatera, or Narara, 
with a general name, and of which they were much afraid. But although looking for it 
at the places where it was said to be found, and offering great rewards for a specimen, 
it was only a few days before my departure from New Zealand that I obtained one, 
which had been caught at a small rocky islet called Karewa, which is about two miles 
from the coast, in the Bay of Plenty. From aU that I could gather about this Tuatera, 
it appears that it was formerly common in the islands ; lived in holes, often in sand- 
hills near the sea-shore ; and the natives killed it for food. Owing to this latter cause, 
and no doubt also to the introduction of pigs, it is now very scarce ; and many even of 
the older residents of the islands have never seen it. The specimen from which the 
description is taken I had alive, and kept for some time in captivity ; it was extremely 
sluggish, and could be handled without any attempt at resistance or biting.” 

This specimen was presented by Dieppenbach to the British Museum, where it still 
is — ^in the most perfect state of preservation. Dr. Geat recognized it at once as the 
type of a distinct genus, which he characterized in the ‘ Zoological Miscellany,’ March 
1842, p. 72, referring it to the family of Agamidm, and naming it Hatteria ;pun€tata. 
The mme diagnosis is republished in the ‘ Catalogue of lizards,’ 1845, p. 249 ; and an 
excellent figure of the entire animal was given in the ‘Zoolc^y of the Erebus and 
Terror,’ toother with a drawing of the skull* exhibiting its general configuration. 
Unfortunately no letterpress accompanies this figure. 

• ♦ Ibis skidi is «1ad in the British Mnsenm. Mr. Fobd has introdneed into this drawing an ereet proeess of 
the iow^Jaw, jnst helow the tympanie condyle j this, however, is merely tke reminder of a dried ligament, 
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Abotit tel; i^iiod other examples or parts of soch r^ched ^glimd: te 

British Msi^amremyMfour (adult aadyooi^) &om Br, F. Ksrox, Capiteia Begby, aad 
the CoUei^ioa of Haslar Hospital. Sir A. Smith obtained two lirii^ which 

he kept for some time ; and finally the Boyal College of Surgeons came mto pos^sion 
of a sknl some yertebrse, by which Professor OwEir was enabled to point ont some 
of the peculiarities which render this lizard so highly inteesting (M^mho^kalm, in 
Trans. Geol. Soc. yoL yii., 1845, p. 64, pL 6, figs. 5-7 (skull), and in Catal. Osteol Ser. 
Collect. Roy. Coll, of Surg. yoL i., 1853, pp. 142, 143). 

Ko other sp^imen appears to haye reached Europe ; indeed, as for as I mn awa^, 
no Museum out of England appears to possess HaUeria. French Herpetologists do 
not even mention it ; Stahj^Ius appears to have overlooked Professor OwEJf’s observa- 
tions. Evidently restricted in its distribution, exposed to easy capture by its sluggish 
habits, esteemed as food by the natives, pursued by pigs, it is one of the rarest objects 
in zoological and anatomical collections, and may one day be enumerated among the 
forms of animal life which have become extinct within the memory of man. 

I may be allowed to pass over a detailed description of the exterwd characters of 
HaMena^ which are sufficiently known from the diagnosis and figure given by Dr. Geay 
{loc, dt.). 

The Skull (figs. 1-7)*. 

The occipital arch is distinguished by its unusual shortness, the basioccipital being, 
on its lower surface, only 5 miUims. longf . The foramen occipitale has the not very 
usual appearance of being higher than broad ; more than one-third of its circumference 
is formed by the superoccipital, the exoccipitals J contributing but little to the formation 
of the condyle, which in our specimen is of the usual width, not broader than in Mo- 
nitor, Iguana, Qrammatophora, Crocodilus. The superoccipital is raised into a short 
mesial crest, entimly separate from the superstructure of the parietal. The exoccipital {a) 
(most closely united with the alisphenoid, h) is dilated and swollen at its base to receive 
the acoustic cavity, and emits its lateral process in an oblique but only slightly back- 
ward direction. This process is styliform, though strong, deeply grooved below along 
its entire length, to receive the long stapes (c) ; it is strengthened by a parocdpital (d), 
which covers nearly the entire side of the process, and is united with the occipital part by 
only partly distinct^sutures. 

The bamphenmd is comparatively long, the posterior pair of hypapophyses {e) (tubercles 
for insertion of the modulus rectus capitis anticus) being in close proximity to the occipital 
condyle, but mther remote from the anterior pair {f) for the articulation of the ptery- 
goids). The brain-capsule being much compressed, ihQ parietal bone (g) is ve^ nairow, 
and elevated Jnto a strong mesial crest, which, although appearing simple in an individual 

♦ He %ares in ifiis Paper refer to Plates XOT., XXVIL, cmd XXY TTT. 

t As I shall have occasion to ^ve the dinwnsions of some parts of the skull in millhiwtm, I must r®nark 
that tibe (toeription is taken from a skuH 57 miHiim. long (between of premaxEEmy and ^mpitai condyle) 
ffiod 47 mdlims. broad (betw^^ the oirter suifeeee of the tympaaie bon^). 

X He fflitmros betwemt tibese bon^ mb so md^srfinct that they could uot be i^pr^euted in the drawing. 
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of evidently consisted of two later^ halves in youth, and which diverges into 

two sl^t ^ched ridges in front, running a<a*oss the posterior part of the postfrontals, 
ai^ mto two Made-like processes behind, ^ch of the ktter joins a portioi^ of the 
mastoid (k), forming the puieto-tympanic bars ; but, whilst in other lizards {Ig%mm^ 
Varmm) the parietal process forms the predominant portion of Ons bar, in Hatteria it 
is comparatively -short, and far surpassed in extent by the mastoid portion. This bar is 
also much le^ backwardly directed than in other lizards, being nearly at right angles 
with the parietal cr^t The fontanelie in front of the sagittal suture, presmit in many 
but not in Ml lizards, is also present here ; it is entirely within the parietals, although 
the^ bones are, at this place, overlapped by the frontals and postfrontals. 

The Phones are united by a distinct suture ; they are narrow, elongate, tapering 
in front and behind, forming but a small part of the orbit; a very distinct groove runs 
along their lower edge for the reception of the olfactory nerve. Naml bones large, ‘tra- 
pezoid, forming the greater part of the upper surface of the snout, the nasal openings 
being entirely lateral and of rather inconsiderable width. 

The prefrontal (i) is narrow, with the outer margin nearly strmght, not forming a pro- 
jection in front of the orbit ; on the inner upperside of the orbit it extends backwards 
to its middle, but does not reach so far on the upper surface of the skull ; below it termi- 
nates as soon as it reaches the maxillary and palatine, covering the lacrymal (k) entirely, 
so that, of the latter bone, a small part only, above the ascending branch of the maxil- 
lary, is visible. 

We have now arrived at a portion of the skull which differs remarkably from that of 
other lizards, the homologies of which have been differently interpreted by authors, and 
which, therefore, deserves our particular attention — viz. the bones intercalated between 
the frontals and maxillary on one side, and the quadrate bone on the other. These bones 
form in Hattena a vertical orbital bar which is connected by an upper (temporal) and 
lower (zygomatic) horizontal bar with the os quadratum. In all other lizards (as far as 
they have been examined at present) the lower bar is absent, in some of them (Greckos) 
also the upper; and, again, in others (Varaims) even the orbital ring is incomplete, 
whilst in Crocodiles we find the same arrangement as in Haiteria. The bones composing 
these bars are the following : — 

1. The postfrontal (i) has a considerable extent, forming the hinder part of the roof 
of the orbit, and extending backwards to the commencement of the parietal crest ; there- 
fore it participates, at least externally, in the formation of the brain-capsule ; its poste- 
rior portion is crossed by aa arched ridge. It is united by a suture with 

2. A three-hranched bone {m), the upper branch of which contributes to the formation 
of the upper part of the orbit ; the a^nd is directed backwards, forming one half of the 
temporal bar ; and, finally, the lower descends to the zygomatic, to complete the orbital 
ring. 

S. The temporal bar is completed hy a portion of the mastoid (h), a branch of which 
descends along the anterior outm* edge of the quadrate bone. 

4m2 
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4. zf^matic (») is much developed ; it emite one proc^ to meet Ae low^ 

of hone and a second to the os quadratum (o), forming the lower hoii®>ntel bar. 

As r^mds the second of the bones desmbed (m), it is evidently the liune which we 
find Bii^e or ie^ ^jmrate from the postfrontal, and forming pmt of the t^pcnal bar, in 
Iniasds ^neraliy. It is described by Stanijujs (VergL Anat Wirbelth. voL ii p. lit) as 
m but from the way in which he speaks of this bone ^ beii^ found, 

**itt most Saurians and the Crocodiles, connected with the os zygomafrcum mid frontaie 
^terius,” and as “constantly reaching the tympanic,” it is evident that he ccmfounded* 
the tempoml bm of the Lizards with the zygomatic bar of Crocoddians, and frie bone m 
question with the ^uamosal of Crocodilians (see Cuvieb, Oss. Foss. voL v. pL S. hg. 
or Owes, Anat. Vertebr. vol. i. p. 145, fig. 95, bone marked 27). The squamosal, as it 
exists in Crocodilians, belongs to the lower, zygomatic bar, and completes the connexion 
between the zygomatic and quadrate bones ; this squamosal is absent in Lizards genergdly, 
and also in Eattmia, where the zygomatic is in immediate connexion with the quadmte. 
On the other hand, the bone, more or less closely attached to the postfrontal in lizards, 
does not exist in the Crocodile as an independent bone, the postfrontal entering into 
direct sutural connexion with the mastoid (temporal bar) and with the zygomatic ; but 
from the position and form of the Crocodile’s postfrontal it is perfectly clear that this 
bone of Lacertiaijs is nothing but a detached portion of the postfrontal ; and for such it 
has been taken by Cuvier, at least in Iguana, (Oss. Foss. vol. v. pi. 16. fig. 23, i ) ; in 
Monitor and Varanus it is also present, although its’ sutural connexion with the post- 
frontal has been left unnoticed by Cuvier ; in Grammatophora it is absent. Profe^or 
Owen does not describe it as a separate bone (Osteol. Catal. vol. i. p. 663, or Anat. 
Vertebr. vol. i. p. 154), but mentions it as a continuous portion of the postfrontalf . 

Hollaed, who has made researches into the developments and homologies of these 
bones, has come to the conclusion that the bone considered by Cuvier to be the mastoid 
in Beptiles and Fishes, is in fact the squamosal. A comparison of the skull of the Cro- 
codile -with that of Hatteria seems to support this view, inasmuch as Cuvier’s “partie 
ecailleuse du temporal ” of Crocodiles appears merely as a segment of the zygomaticj, 
with which it is reunited in Hatteria. 

Very remarkable is the form of the os quadratum (o) and its junction with the hind 
part of the pterygoid (r) ; both bones are much dilated, forming a vertical plate composed 
of two laminae, the laminae bein^ immoveably united by suture, the quadrate beu^ the 
anterior plate, the pterygoid the posterior. This sutural kind of union app^s to be 
unique among Lizards, which have tho^ two bones united by a joint allowing of move- 
ability to a more or less considerable extent. The condyle of the quadrate has a deep 

* 13us Tiew is m^taiaed al^ ia the Sad editiOTi, pp. 52 and 57. 

t It mast meatioaed that Eathki! (Enteisaehaagen tiber die Entwidk^ang der Croeodile, 1865, p- 
does not appear to have observed a division of the postfrontdL into two |«rto in embryc® of m AI%ator. 

X Eathee (Ue. eU, p. 34) has foand it and the zygomatie in an eqaally idvaaeed stato oadltoation whilst 
the tympanic was stall nearly entirely eartik^dacwB. 
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acrtm its middle : aad there is a very angular wide foramen above the condyle ; 
it is ffled with loose cellular tissue. 

Bie mlumelh (p) arises from above the suture between the pterygoid and iquadrate 
hones; it differs in its form from that of other Lizards, being very broad (8 millims.), 
gpatuiate at its upper and lower ends, and constricted in the middle. Being fixed by 
an irr^ular suture to the pterygoid and quadrate, and attached to the parietal by a 
narrow strip of cartilage, it contributes materially to the solidity and immoveability 
of the pterygo-tympanic arch. A crescentic space between alisphenoid and columella 
remains cartilaginous ; and the fore part of the cranial cavity is closed by fibro-cartilagi- 
nous membrane without a trace of ossification. 

The mamllo-palatal portion of the skull offers no less peculiarities than the parts 
described before. The ivdermasillaries are paired ; their posterior portion is tapering 
and wedged in between the nasals ; there is no discontinuity of the osseous substance 
whatever on the upperside of the snout, the nostril being entirely lateral; the fore 
part of the nasal opening is formed by the intermaxillary. This bone resemble in 
some measure that of a Eodent, each half being armed with an extremely strong incisor 
as broad as the bone to which it is anchylosed. The horizontal part of the nwmllary 
is extremely narrow, reduced to a simple although sif ong alveolar ridge ; its ascending 
nasal process is {with the nostril) much advanced forwards, in the anterior third of the 
bone. The foramina maxillaria superiora are present as in other Lizards. 

The vomer {q) is paired, each half being of an elongate triangular shape, broader behind 
than in front ; it forms nearly entirely the inner edges of the choanse, and its posterior 
extremity is even behind their level. Most singularly it is in immediate contact with 
the front part of the pterygoids (r)*, which thus prevent the palatines [s) from reaching 
the median line of the palate. 

The palatine bones ( 5 ) are entirely separate fi*om each other, each being closely united 
by suture to the posterior two-thirds of the maxillary ; and being armed along its maxil- 
lary margin with a series of teeth similar and parallel to that of the maxillary, the two 
series are in close proximity, so as to give to the maxillary the appearance of having a 
double dentigerous ridge. The inner part of the palatine is unusually broad, participating 
but little in the formation of the choana, from w'hich it is shut out by the vomer, but 
forming about one half of the bottom of the orbit, which is rendered almost completely 
osseous by the accession of the pterygoid, zygomatic, and os transversum. 

The pterygoid bones (r) are suturaUy connected with the vomer, separated in the middle 
by a comparatively narrow cleft, meeting again where they are immoveably joined to 
the basisphenoid processes (^) which are close together, and finally attached to 

the quadrate bone as described above. They are toothless, but traversed in their middle 

* The perfect pr^ervatioa of the suture® ia a specimen prepared hy myself has enabled me to point out this 
very unusual arrangement of the bon^ of the palate. Professor Owen dmignated, in these 

bon^ ao<^3rfiag to the poation usually hy them in lizards, viz. the front part of the pteiygoids as 

priafines, and the j^latmes as palatal pafes of the maxillary. 
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by a low, sbairp ri%e, tiie two n^m convet^mg bebiai. The proems tteatWtoaait 
of the ectopte^goid (t) w ttnusualiy long, rectogtilar at the b^ ; two of the braach^ 
of the ectoptarygoid receive this angular pr(X®^ between them. 

Before I pass to the description of the rmnaining part of the skull, the m^dible, I 
maybe allowed to notice the appearance of thejmhte whilst covered with Ae «>fl parts 
and the mucous membrane. Corresponding to the interpterygoid vacuity in the skuE, 
there is a longitudinal arrow-shaped deep depression in the median line of tibe palat% com- 
mencing on a level with the hinder end of the palatine teeth. This depremon is gmi^ 
rally widened behind in lizards, or at least continuous with the plane of the base of the 
skull ; but in Hatteri^ it is entirely closed behind, in consequence of the proximity of 
the hypapophyses of the basisphenoid. Another, small but very deep, recess exists 
immediately behind the palatine series of teeth, in t&ont of the long styliform prewess 
of the pterygoid and ectopterygoid. The boundary between palatine and pterygoid is 
marked by a slight ridge of the mucous membrane, nearly corresponding to the aiture 
between those two bones ; this ridge runs forward to the inner hinder angle of the 
choana ; and posteriorly it is arched outwards, to form the gingival fold of the palatine 
series of teeth ; it is split into two folds in front of this series, one to accompmiy the 
alveolar edge of the maxiEary, '^^st the other runs along the outer maigin of the 
choana, which can be nearly entirely covered or closed by it. The choanee are rather 
narrow slits not extending backwards to the palatine teeth. The auditory recess is 
rather shallow, eustachian tubes being absent with the tympanic cavity. 

The symphysis of the mandibles is formed by a fibrous ligament allowing of some 
mobility ; the persistent cartilage of Meckel is entirely replaced by fibrous tissue near 
the symphysis*. A part of the sutures between the bones of which the lower jaw of 
Lizards is generally composed have entirely disappeared (if they ever existed), so that 
the following bones only can be distinguished. The dentary (u) fonns nearly entirely 
the outer surface of the mandible, a comparatively small articular portion and the top 
of the coronoid process excepted. The foramina mentalia vary in number from two to 
four, and are small. There is a very distmet foramen between the dentary and articu- 
lar, penetrating to the inner surfree of the mandible; it is identical with the large 
vacuity of the lower jaw of the Crocodile, and very indistinct or entirely closed on the out^ 
surfece in the Lizards. The ^lemal (v) is narrow elongate, behind twisted downwards 
to the. lower side of the man^ble and terminating about 3 millims. from ite extremity. 
The cormoid (w) is triangular, covering with one angle the cartilage of Meckel, and forming 
with anothm: the coronoid process. The (wticular bone (a?) is very peculiar : if an angular 
hone was present at an early age, it has now entirely cc^esced with the splmual, there 
being scarcely any osseous projection behind the articulary surface f. The articular 

* Indeed ffehdmmt appear to lie die only lizard in which this eartal^e forms the symphjw <Tso8c®®l, 
Wiegm. Aichiv, 1863, p. ^1). 

t In QmmmccU^Tmu, and in a gimt nnmber of lizaids the mipd«r h<m.e ft® 

mtieiilMy siu:&ee, frequently turned upwards in an oblique dir^tioa. Two musdi^ ai» from thk pH>|«^io», 
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^ 0 f&©e does not correspond in form with the condyle of the quadrate bone, being 
mmc^ ^^ate in the direction of the longitnfhnal ams of the body, and, in fact, nearly 
fonr times m long as the opposite articular surface. 

Whai tbe jaws are closed, the upper condyles rest on the hindmost part of the lower 
articukry snr&ce; but whm in action, tiie lower jaw can be moved hmhmards to a con- 
ffiderable extent, the condyles advancing to the front part of the joint. As the upper 
condyles are concave, moving on a longitudinal convexity of the lower surface, they 
c^not escape sidewards, but press the hind part of the mandibles outwards ; this again 
would not be possible, if the mandibles were anchylosed at the symphysis ; so that their 
ligamentous junction finds nowits explanation in the peculiar structure of the maxillary 
joints. When the jaws are at rest, the distance between the posterior extremities of 
the mandibles is 28 millims. ; when the lower jaw is drawn backwards, the distance is 
84 millims. It is evident that this structure is connected with the mode of feeding of 
this animal, which leads us next to a description of its dentition. 

Bmtitimi (figs. 8-16). 

Bmtition of full-gtown ^edT/iens. — Hafteria is an acrodont in the strictest meaning of 
the term, the teeth being so intimately anchylosed with the cutting alveolar edge of the 
maxillary and palatine, as to appear mere prominences of these bones. The alveolar 
edges themselves are highly polished Uke tJw teeth, ojnd perform the functim of teeth 'when 
these are ground dovm to the edge in advanced age. This, however, is not the case 
with the premaxillaries, each of which is armed with a single broad smooth tooth, 
notched at the crown in individuals of middle age (fig, 9) ; this notch disappears when the 
tooth is somewhat ground down (fig. 8), and the teeth have then the appearance of the 
upper incisors of a Rodent. The teeth of the maxillary and palatine (figs. 2 & 4) are 
rather short, triangular, pointed, longitudinally compressed ; there are originally about 
eighteen in each maxillary, and eleven in each palatine. However, those of the ante- 
rior half of the maxillary appear to be soon ground down to the alveolar edge, with the 
exception of one midway between incisor and first palatine tooth, a trace of which is 
rfsible in the oldest example examined*. From the level of the fii'st palatine tooth, the 
maxillary teeth are persistent, although more worn than those of the palatine. The 

■ftie outer of wMch is the M. digastricm, generally Teiy distinctly separated into two portions j the inner is a 
simple short supplementary muscle. In Saiteria, where the digasbims has only a narrow space for its 
origin, it is thin and simple, verticaliy asomiding to the mastoid ; there is no supplementary' muscle beneath it, 
hut a stoong fascia connecting the mandihular joint with the point of junction of exoceipital and quadrate bones, 
and covering the terminal cartilage of the stapes, 

* The exam^bs figured by Goax ai^ Owxs had their teeth complete ; and although the one figured in the 
^ Zookgy of ^e Erebus and Terror^ was not only full-grown, but unusually tege, it does not appear to have 
been old. The example also of which a full figure has been given by Dr. Gbax has its teeth complete. I 
have well oontidered the question whether I had not to deal with two species (perhaps one firmn the northern, 
and &e other fimm the southern idand) j bat, after a very careful examination, no character to justify a specific 
distinction were revealed. 
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tot i^atine too& is mudbi stronger than, and sepamt^ by a Aort mt^spacje fi»m* to 
snwseedii^. mandible is armed in front by two indsors and a etobe tooA, m®e 

or less conftnmtat the base, so that the three teeth together, when ground down by to 
action of to upper incisor, present an uninterrupted oblique e%e, most de^ly chilled 
out towards the symphysis (figa 6 & 7). The alveolar edge of the mandible is polish^, 
betong about sixteen teeth as long as the number is complete ; but (as in the maxil* 
lary) the teeth are gradually lost from the front backwards, and there is, corre^^mding 
to the remaining miteiior maxillary tooth, a very shallow and long concavity scooped out 
by the vertical and hortzwit<d action of this tooth. The toothed, or rather serrated 
hinder portion of the dentary fits closely between the maxillary and palatine seims. 

DentUim of ymmg examples. — I have mentioned above that the upper incisors of a 
fhll*grown example are notched ; this is explained by the remarkable circumstan<^ that 
each is, in fact, composed of two teeth, which are conical and perfectly distinct in young 
examples about 7 inches long (figs. 10 & 11). Also the incisors of the lower jaw are 
separate to their base, and the lateral canine tooth is somewhat removed from them. 
The other mandibulary, maxillary, and palatine teeth do not differ peculiarly from those 
of older examples. No polished surface can be distinguished on the alveolar edges*. 

Although the peculiarities mentioned render the dentition of Hatteria unique, I find 
on examining a number of acrodont Lizards, that a recent and a fossil genus approach it 
closely in this respect. Uromastyx^ an Agamoid genus inhabiting sandy plains of 
Northern Africa and Hindostan, has a very narrow, strong, single intermaxillary, arched 
downwards and more or less overlapping the symphysis of the lower jaw, more so in 
adult examples than in immature (figs. 12, 13, 15). In a half-grown Uromastyx hard- 
wieJdi (fig. 14) the intermaxillary does not project below the level of the maxillary, and 
is arm^^ with four small, closely set, incisor-like teeth. The maxillaxy and mandibulary 
teeth are similar, and occupy in an uninterrupted series the alveolar edges of the jaws. 
This dentition is in time worn away: in the adult of the same species (figs. 12 & 13) the 
intermaxillary and the fore part of the maxillaries and mandibles are edentulous, the 
sharpened alveolar edges performing the function of teeth ; the intermaxillary and the 
upper anterior angle of each mandible project, and these projections have their surface 
polished and bevelled as true teeth. In an old specimen of TJrmtimtyx ^Tiipes (fig. 15) 
I find the teeth complete in both jaws, but the intermaxillary projects considerably 
below the level of the maxillary, overlapping the mandibulary symphysis. The osteolo- 
gical chamcters of Uromastyx do not indicate a further affinity with Hatteria. It is 
worthy of notice that UrmrmstyxhardwwMi is strictly herbivorous; I am not a^uaint^ 
with the food of TJ. spinipes. 

The fossil genus which I would compare with these recent forms is Mhymchmaurm 
(Owen), from the New Bed Sandstone of Shropshire. In this Lizard the premamUaries 
are paired, and bent downwards over the symphysis of the lower jaw ; are these j^oduced 

* I caattot qpeak qmte oa iMs point, on acconnt of tito spedUnen haviB^ tain fesr mmB tto in iMae 

jfimd whidi allied tb.@ 
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ewto of the premaxillaries dilated teedi aadiylosed to the bone as in Hattma ? And 
even if they really be part of the bone itself, the step from the premaxillary dentitimi 
of Matterm to this beak of Mhyw^tomurm can scarcely be regarded as greater^than that 
from the dentition of the young Hatteria to that of the folly developed. However, 
a real affinity between the recent Lizards mentioned and Rhynchosawrm can only be con- 
jectured, as its toothless lateral alveolar edges have been seen in one specimen only ; 
nothing is knovm of the palate, or of the arrangement of the bones in the temporal 
region ; its orbit is complete. 

It will be a point of great interest to know whether those extinct Saurians which are 
distinguished either by entirely edentulous jaws, or by a combination of teeth with an 
edentulous and cutting alveolar edge (Cryptodontia and Dicynodontia of Owen), are 
completely toothed when young. This does not appear to be at all improbable ; and if 
it should prove to be the case, the transition from the normal Saurian dentition to that 
of the Turtle wdl be complete*. Among Fishes the family of Lahridm offers a 
strikingly similar series of forms of dentition ; and the observations made on Hatteria 
and TJrmnmtyx go far to prove the correctness of the views advocated in the ‘ Catalogue 
of Fishes,’ vol. i.v, viz. that small fishes with complete dentition (referred by other 
authors to different species and genera) are merely the young of others vdth partly 
edentulous jaws, and that the Scaroid and Odacoid fishes cannot be separated from the 
Labroids on account of their dentition. Thus in this most natural family we find the 
majority of generic forms provided vrith a normal complete dentition ; in others {Chosrops^ 
Xiphochilus, Pseudodax, &c.) the lateral teeth are gradually and normally replaced by a 
more or less cutting edge of the mandible ; and finally, in the Scarina and Odadna the 
entire mass of the teeth and jaws are coalesced, forming a beak with sharp cutting edges, 
the single teeth being still visible in the true Scarus^ whilst they have entirely disap- 
peared in adult Pseudoscarus and Odax, Unfortunately, up to this time, we are unac- 
quainted with the dentition of very young Scaroid fishes. 

All Lizards masticate their food in some degree ; in so doing their lower jaw is moved, 
in a vertical direction only, towards the upper. In full-grown specimens of Hatteria 
a great portion of the side of the jaws has a sharp cutting edge, whilst the toothed portion 
also has more the appearance of a cutting serrated edge than of series of teeth. The 
force in cutting and sawing is, of course, considerably increased by the property of 
moving the lower jaw backwards and forwards, a property dependent on the peculiarity 
of the maxillary joint as described above. 

All the specimens examined had the stomach and upper part of the intestine empty ; 
but the rectum of one contained a great mass of the remains of the young of some bird 
which probably builds on the ground ; the plumes of the feathers without quills (which 
being still soft had been digested), together with the condition of the bills and bones, 
could not leave any doubt as to the age of the bird. The same mass contained also one 
ifegment of the elytron of a beetle* It is known, from actual observation of living speci- 
• The embryo of Trimy^ shows immeroas rudiments of teeth. — Odpntography, p. 179. 
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mens, ^t MiMmm is irery dow aiid sli]^^sh in its moTanents ♦ ; therefore its food 
chMy eonart of odiqr lizards of similarly sln^sh haMte, mid yotmg Mrds or iir^s 
aecddentelly apprcmching ite month. Young specimens feed probably on inlets only. 

Before 1 p^ceed to the description of ihe trunk of the skeleton, I maybe allows to 
re^pifaikte the peculiarite in the structure of the skull ; they are — 

1. Pemistence of the sutures, especially of those between the kteml halves of the 
skulh combined with a great development of its ossified parts as it appems in the 
expanse of the bones forming the upperside of the facial portion, in the completeness 
of an orbital ring with a temporal and zygomatic bar (Crocodiha), in the much expmsded 
columella, in the completely osseous bottom of the orbit, and in the almost continuous 
roof of the palate — the palato-narial and interpterygoid vacuities being very narrow, 

2. Mnn and solid union of the os quadratum with the skull, and of the bones of the 
][mlate with the quadrate, as shown by the sutural coimexion of quadrate and pterygoid, 
brogwi sutural connexion of the columella with quadrate and pterygoid, immoveable 
pterj^o-sphenoid joint, firm and extensive attachment of pterygoid to ectopterygoM. 

3. This restriction of the mobility of the bones named is compensated by an increase! 
and modified mobility of the lower jaw, the mandibles being united by a ligament and 
provided with an elongate articular surface. 

4. Displacement of the palatine bones which are separated by the pterygoids, and 
replace a palatal portion of the maxiQaries. 

5. Dentition unique, viz. : — ^two large cutting teeth above, formed by the confluence of 
two pairs of conical “ milk ’’-teeth ; alveolar edges of the jaws and palatines cutting 
and polished (in the adult), only partially armed with teeth (forming a serrature) ; pala- 
tine teeth in close proximity and parallel to maxillary series, both series receiving between 
them in a groove the similarly serrated edge of the mandible. 

6. Finally, perforation of quadrate bone and extremely short postarticiilar process of 
mandible. 

The Vertebral Column, 

Professor Owejt has discovered the biconcavity of the vertebrsef (figs. 19, 22, 23). 
Tho^ of the trunk (from the third cervical vertebra to the fourth or fifth caudal) are 
distinguished by their uniformly developed, strong and compressed neural spines, which 
become more slender and remote on the tail, disappearing only on about the last ten 
vertebrse. Ihe total number of vertebrae is 63, viz. : — 

3 cervical (1-3) without pleurapophyses. 

5 cervical (4-8) with pleurapophyses. 

3 dorsal (9-11) with ribs attawihed to sternum. 

11 dorsal (12-22) wiHi ribs and abdominal ribs. 

3 lumbar (23-25). 

• I ®Ba mMM to Sir AimsEw Stors fear thii ol^rrdi{m. 
t O^oL Scr. Boy, CriL of Suigeoiw), rd. L p, 142 (1803). 
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2 sacral (26, 27), 
m candal (28-83), 

As re^rds the first five vertebrae (%. 17), Professor Owen {L c,) bas given sp detailed 
a description of them, that I may be allowed to quote it in full. 

** The atlas consists chiefly of the hypapophysis and neurapophyses ; the former is in 
the form of a transveme arched bar, contaave upwards, with the anterior border cut 
obliquely to receive the under part of the occipitel condyle ; the posterior border is 
convex vertically, and adapted to the transverse trochlear groove in the fore part of 
the odontoid process ; the neurapophyses have a small articular surface at ‘the fore part 
of their base for the occipital condyle, and a second at their inner and back part for their 
proper centrum, the odontoid process. They are expanded superiorly, develope a small 
posterior zygapophysis, exterior to which is a tubercle ; and they come in contact, but 
do not coalesce, above the neural canal. The odontoid process [filg. 18] has coalesced 
with the body of the axis, which it equals in height and exceeds in breadth ; it is convex 
from side to side, concave vertically at its lower half, having, as it were, a channel scooped 
out from side to side ; this kind of joint will allow of great extent and freedom of mo- 
tion of the atlas with the head from side to ade ; whilst the vertical movements would 
be restricted. The neurapophyses of the axis have coalesced with the centrum below, 
and with each other above, where they develope a strong ridge or spine, which is most 
produced in the antero-posterior direction. An autogenous hypapophysis [fig 17, c] is 
wedged into the inferior insterspace between the centrum of the axis and the third vertebra. 
The centrum and neurapophyses of the third vertebra have coalesced ; a short diapophysis 
projects from the line of union. The anterior and posterior zygapophyses form the 
angles of the broad base of the neural spine ; this spine is of moderate length, thick and 
trihedral. There is a small wedge-shaped hypapophysis beneath the interspace of the 
third and fourth vertebrae. The fourth vertebra has a short pleurapophysis on each side, 
with a bifurcate proximal end articulated by a broad tubercle to the diapophysis and by 
a slender neck and head to a rudimental parapophysis ; but this is very feebly marked off 
from the diapophysis. In the fifth vertebra the parapophysis and diapophysis form 
together an oblique ridge, chiefly extended vertically, and to which the expanded head 
of the pleurapophysis articulates by a single surface. There is a wedge-shaped hypapo- 
physis at the interspace of the fourth and fifth vertebrae.” 

This description agrees in every point with the three skeletons examined by myself, 
exi^pt that, m one example, the pleurapophysis of the fourth vertebra is not bifurcate, 
the lower bmnch being replaced by a ligament, and no tra<^ of a parapophysis can be 
distinguished. 

The, hindmost autogenous hypapophysis (fig. 17, corresponds to the seventh and 
dghth vertebim The dorsal vertebrae differ scarcely from the middle and posterior 
cervical ; the zygapophyses are more distant from one another ; and the oblique ridge 
fiormed by coalesced diapophysis imd parapophysis is le^ prominent, receding n^irly to 
the level of the {^nfriun, on the hindm* dorsal vertebrae. • The centrum, the lower half 

4n2 
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of which is ra^er coittp?es^ in the Tertebrae of the anterior two-ttdrds of the tmak, 
becomes more fiattened on its abdominal surface in the Itunbax r^on, and stiH more ia 
the and two or three anterior caudal vertebrse, 

Hie three Imr^r Tertebrse mre distinguished merely by the shortness of the hsemapo^ . 
physis, which does not reach the abdominal sternum, and is quite rudimentary at Ae 
^cond and third lumbar vertehrse ; their pleurapophyses form horizontal transvei^ pro- 
<^8^s, not entirely anchylosed to the diapophysis, a suture being visible ; however they 
do not appear to be moveable. 

The pleurapophyses of the two Kicral vertebrae are about thrice as strong as the pre- 
ceding, constricted in the middle, and swollen at both ends, the sutures by which they 
are united with correspondingly increased diapophyses and with the ilium being very 
distinct ; their iliac extremities are in contact with each orixer. 

Haitena is one of those lizards in which the tail, when mutilated, is reproduced* ; 
however, it is much less easily broken than in the Lacertidw, Geckonidw, &c., its external 
int^uments being less distinctly divided into segments or verticelli, and strengthened 
by a thick layer of strong subcutaneous fibrous tissue. The centrum of each caudal 
vertebra (fig. 23) is divided into an anterior and a posterior portion, as in other Lizards 
with verticellated tailf, the epiphysial line passing through the middle^ and behind the 
transverse process ; this line corresponds to the external vertical fiirrow between two 
verticelli. The neural spines, which on the three anterior caudal vertebrse are as strong 
as those of the sacral region, become gradually shorter and thinner, and disappear entirely 
on the posterior third of the tail. The haemapophyses, coalesced as in other Lizards, 
appear first between the third and fourth caudal vertebrae (fig. 21), are there rather longer 
bat much narrower than the neural spines, and, becoming more feeble towards the 
extremity of the tail, disappear entirely on the last six or seven vertebrae. The trans- 
verse processes of the first two caudal vertebrae are nearly vertical to the longitudinal axis 
of the vertebral column, and not much shorter than those of the sacrum ; all the remainder 
are obKquely directed forwards, and become rudimentary with the eighth vertebra. 

MUs and Sternal Ap^aratm of Thxyrax and Abdomen. 

The pleurapophyses of the fourth and fifth vertebrae have been desmibed above (p. 11) ; 
tbo^ of the sixth and seventh are not much longer than that of the fifth ; but thmr distal 
ends are considerably more dilated (fig. 17). All the pleurapophyses mentioned have 
<mrtilagmous haemapophyses slightly ossified at the base. The anterior(of fourth vertebra) 
is quite rudimentary ; but the third and also thefourdi (of sixth and seventh wertehrae) are 
much dilated at the base, fixe dilatation extending someway upwmrds along 
edge of the pleumpophysis, and overlapping the mwceedin^ plem^mphyas. There is no 
anterior projecrion as in Crocodiles. The jdeuiapophyris of tlm eighth vertebra is d^oider, 

* One spmmen, la wMdb ibird is reproduced, has a ra^meah^ a^@ad^ at the cd l&e 

re^oduced an aaoDSi^ hi odier lixardi. 

t B^chereh^ vri. x. p. 13, 



m, ©tOTHBS Olf THB AKATOMY OF BATTEEIA. 


6§f 

as long as the preceding one, terminating in a short terminal cartilaginous or 
hsemapophysis ; in Urn middle of its length, m its posterior edge, it is {like all 
the following ribs) promded with an apophysis directed ohligmly haohmards and upwards, 
&m'hppwg the following r^, of the same form as, and homologom with, the processus 
wmnatm of Hrds. The first of these apophyses is fibro-cartilaginous ; the two or three 
following are semiossified, the following entirely osseous, and the posterior, again, less 
ossified than4he middle Kone of them are completely anchylosed to the rib, but 
attached to it by a short suture strengthened by ligaments*. When we consider the 
tmnsition from the dilated hsemapophysis of the sixth and seventh vertebrae to the com- 
pletely ossified uncinate (epipleural) process of one of the middle dorsal vertebrae, we 
shall be inclined to regard these uncinate processes as parts of the haemapophyses, sepa- 
rate and removed from the distal end of the pleurapophyses in proportion as the latter 
increase in lengthf. 

All the complete ribs, fourteen in number, have a broad, compressed head, joined to 
a low oblique ridge of the centrum of the vertebrae; they are entirely smooth, without any 
tubercle in their arched basal region, which has a shallow longitudinal groove in front ; 
they are slender, becoming gradually a little broader towards their distal extremity. 
The anterior are but little, the posterior considerably, shorter than the middle, the length 
of which is nearly equal to the extent of five dorsal vertebrae. The haemapophyses of all 
(the last two excepted) are divided into two semiossified pieces united by a joint (fig. 24) ; 
the upper (a), thinner and shorter piece (of about one-fourth or one-fifth the length of 
the rib) follows the direction of the rib, whilst the lower is directed inwards and forwards. 
The haemapophyses of the first three ribs reach the sternum, the two foremost not 
showing any peculiarity of form, and the third approaching the succeeding in form by 
having a slight expansion in front and behind. The lower pieces of the haemapophyses 
of all the following ribs are much dilated and imbricate (fig. 24, b, and fig. 20), each with 
a rounded wing-like expansion in front and behind ; they have the form of a trapezoid 
situated obliquely on eadi side of the medial line of the abdomen ; its upper anterior angle 
is one of the expansions overlapping the preceding haemapophysis ; the upper posterior 
angle is produced to meet the costal piece of the haemapophysis ; the lower posterior 
angle is the other expansion overlapped by the produced lower anterior angle of the 
succeeding haemapophysis ; and this latter angle reaches one of the bones of the abdo- 
minal stmmum. The hmmapophysis of the two hindmost ribs consists of one long bent 
semiossified cartilage only, and the expansions are less developed than in the other ribs. 

* In young pte^nte, just on fee pdnt of being hatched, I haye found the uncinate proce^^ of fee ante- 
rior and p(Miierior ribs eutil^inous, oi^ifieation having commenced only in feo^ of fee middle ribs, at ^me 
^ateaoe &mi fee rih ; fee bo% trf fe© ribs was completely o®ifi^ ; of course, no anehyloas of fee procw^ to 
fee had The same I femid to he fee case in a Tid^aUa of fee same age, a bird which is 

capa^ of dying idmo^ as as it leaT<^ fee ^g-sheU. 
i* I am ©otfermed in this view by a eomipariam of fee same parte of fee Crocodile, where a rimihBf proc^ is 
wm: fee distal end of fee ribe | in young individuals fete pme^ te still confluent wife fee h^mapo- 
in fee fimrfe rib of Msttma, 
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Tlie {%. 26, «) does not ei^ntiaUy dife fyom &at of o^er it is al?©* 

sided plate a ^erf tto o^ified layer imb^ded in its cartikpnoas mb^^ce; W? 
diYisdon into lateral halves is perceptible. Its hind^ margin T^wm into a brosd Mp^ent 
connecting it with the first abdominal rib, to the posterior lateral naugins the hs^iapo* 
phy^s iim first three ribs are joined ; the anterior lateral maigins are cai^eiy nff- 
tilaginon^ and grooved for the re^ption of the coracoid (fig. 26, e i ) ; and, finally, at its 
J&ont angle enters the epistemnm (fig, 17, b ; fig. 26, b), which is very long, styhfcam, 
in continuity with a median keel of the sternal plate, and terminates in a transver^ Imbt 
which is suturally united with the clavicles (fig. 17, c ; fig. 26, <?). 

The eleven posterior ribs are connected by means of their double haemapophy^ with 
a series of bones crossing the abdominal r^on and situated in the subcutoeous li^- 
mentous tissue extenditg from the stemxun to the pelvis (fig. 26). This ^stem of bones 
is similar to, but essentially different from, that observed in Crocodiles and some lizards 
(Chamwlem, Polychrus, &c.), known as abdominal ribs or abdominal sternum, and con- 
sidered to be the ossified inscriptiones tendineae of the abdominal muscles. 

The first poiut of interest is, that in Eatteria the number of these abdominal ribs 
does not equal that of the corresponding true ribs and vertebrae, being nearly double 
that number (I have counted from twenty-five to twenty-six); it equals rather the 
number of transverse series of plates into which the external integument of the abdomen 
is divided, so that each abdominal rib runs along, and is firmly attached hy tissue to, the 
anterior margin of one of those transverse series of plates. Each abdominal rib has the 
form of an angular, thin, very slender bone, tapering at the extremities, and somewhat 
dilated at the angle, which is directed forwards and obtuse. The angles of all these ribs 
lie in the same line, in the median line of the abdomen. Each consists of three bones, 
\mitcd hy the closest juxtaposition — a central and a pair of lateral, the lateral being 
about as long as one of the halves of the central; however, these three bones are so 
firmly united that it is very difficult to separate them*. Normally the ribs are aitirely 
separate from one another, and only exceptionally two or three coalesced by a narrow 
osseous strip in the median line. Every alternate abdominal rib (fig. 20) is suspended 
from the hsemapophyses of a pair of ribs, the suspension being effected by a Aort 
ligament in which the produced extremity of the dilated piece of the hsenmpophyris 
terminates. The point of attachment is on the inner side of the abdominal rib, near 
the junction of its central and lateral pieces. The intermediate abdominal ribs are 
“ floating,” hut otherwise not distinguished from the others. 

- * Tlie fcst example examined by me showed a Teiy curions anomaly as regards ihe nalcm of fli© ffire© 
of wbiidi die abdommal ribs consist; ihey wer4^ united by jomt$. ffieee jriais me not ffie of ^me 

amdent — of ffaetore of the ribs at a former period — ^is proved by the eheamstance lhat they eiirt fl«ly in ev®y 
alternate rib, viz. in dime which are connected widi haemapophysm, and, seeondly, diat ttey me«]^ the 

same place, namely, at a short stance jhom the attachment of the hffimapo^ysiB, toward ^e liae at 

tibe beHy. Ihe intenad^te ahdomin^ ribs have no joints, diejr bonm bein|; jnxtapc^ as I hiie 
atove.^ I cannot offer any explanation o# dim singukrily, whidb I mi^ mnsiitor apomsdons; not havii^ met 
mdi it in five other examples. It is iepr«i®rted in fig. 20. ^ 
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M^me I proG^ to the next portion of the skeleton, I shall describe what I have 
notw^ with r^ard to the muscles connected with this complex apparatus of ribs, in 
order to determine its probable function. 

After the skm and the UMsdmm dorsi (which, thinned into a cutis-muscle, descends 
to the middle of the sMe of the trunk) are removed, the series of the uncinate apophyses 
of the ribs are seen imbedded (%. 33), and forming the boundary line between two large 
mas^s of muscles, the dorsal of which corresponds to the Imgmimus dord (including the 
sacr(hlumbaris), the- ventral to the ohliquus eadermts. Their effects are antagonistic. 
The Imgisdmm dord is divided by ligaimwta mdermmmhma (in number equal to the 
dorsal and lumbar vertebrae), each of them terminating at and attaching itself to the 
hinder edge of h rib and to the extremity of its apophysis. This division of the mass of 
this muscle renders it possible that certain portions of it can be called into action inde- 
pendently of the others. It raises the ribs, or part of them. Towards the middle of the 
back it is covered by a strong aponeurosis, from the median line of which arises a ^ries 
of short, erect, conical muscles (fig. 33, h), each enclosed in an aponeurotic sheath, 
destined to move parts or the whole of the dorsal crest. 

The ventral muscular mass forms a much thinner layer ; and although it can be divkled 
into three strata, the whole must be regarded as M. obliguus extemm^ as all the fascicles 
run backwards and downwards (fig. 33, c). The outer stratum (c') is fixed to the abdo- 
minal aponeurotic band ; and immediately below this line of attachment lies the hinder 
portion of the pectoralis major (d), which thus is received in a sheath, formed by a sepa- 
ration of the two outer strata of the ohliquus extemus. The innermost stratum is very 
thin, and frequently interrupted. The three strata coalesce as they approach the costal 
apophyses, the mass being divided into fifteen parts, each of which is inserted into the 
lower edge of a costal apophysis. The ftmction of this muscle is to depress and draw 
backwards the ribs. 

Beside the int&rcostales^ the outer stratum of which runs backwards and downwards, 
the inner having a backward and upward direction, irregular muscles, passing two or 
three ribs to insert themselves at the third and fourth, assist the function of the true 
intercostales ; they are found both on the inside and the outside of the ribs, 

!]^ich of the dilated costal haemapophyses h^ two muscles : one (fig. 33, ^) is flat, thin 
and broad, and ari^ from the concave anterior edge of its ventral portion, and is attached 
behind the insertion of the corresponding muscle of the preceding cartilage ; its fibres run 
obliquely forward and inward. The second muscle {h) arises from the outer surface of 
the donml portion of the haemapophysis, and is attached to the inner side of the joint 
betwrai the next following cartilage and its rib ; its fibres run obliquely backward and 
outward, ^metimes a small &^cle is detached from this muscle, coalescing vrith the 
intercostaiis of the same rib. I shall speak subsequently of the use of these muscles. 

On ©manning the mndrfd regim of the trv/nk (fig. 32), we find that the cutis, which is so 
^Ey deta^ed in other Saurians, is most intimately attached to a layer of strong fibrous 
ti^e (o c) extending over the entire lower surface of tiie abdomen to, and passing into, 
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tbe aponearolac borders of tbe MM. pectoralis major aad obMqm oM&rm^ the latter belo^ 
situated entirely on tbe sides of the trunk. The fibrous tissue is so steong, that tiie 
cutis can only be removed with the knife ; and it adheres not less firmly to the outer 
surface of the abdominal ribs ; *the portions stretched from one rib to another ai^, . 
although firm, very pliable, allowing of an easy approximati(m of the ribs. Immediately 
bdow this fibrous layer is the JIf. rectus (d), in the superficial substance of which the 
abdominal ribs are imbedded, and which transversely extends from one extremity of an 
abdominal rib to the other. Below the M. rectus is ihe fascia abdoinwmlis (/), coveied 
by the black peritoneum, and passing laterally into a very thin M. transmrsm c^domims. 
The dilated haBmapophyses with their special muscles lie between the M. rectus and the 
fascia ahdmunalis. Finally, it must be mentioned that the extremities of the fiftemi 
anterior abdominal ribs are attached to the hinder portion of th.^ pectoralis major. 

Abdominal ribs are developed in many Saurians and in a great number of Teleosteous 
Fishes; they may serve merely to strengthen the abdominal muscle and to afford a 
firmer and larger base for the attachment of muscular fibres, forming, as for instance in 
Saurians living on the ground, a kind of abdominal sole. When in continuity with the 
ribs proper (as in the Chameleon), they will essentially contribute to the support of the 
contents of the abdominal cavity, especially when these are pressed backwards by much 
infiated lungs, or when their weight is much increased by the addition of developed ova*. 
But in no Saurian, so far as we know at present, have they any relation to the external 
integuments ; this we find to be the case in many Clupeoids, where their dilated centre 
protects the sharp abdominal edge. 

As regards Hatteria, their increased number (exactly corresponding to that of cross 
^ries of external ventral plates) and their peculiar connexion with hsemapophyses 
dilated into a broad base for the attachment of muscles show plainly enough that this 
apparatus is subservient to some special function, viz. to assist in locomotion. 

I have arrived at this conclusion from the following considerations : — 

1. Hatteria lives on the ground, in rocky parts of the sea-shore, in sandhili-holes 
made by some other animal; its limbs, although muscular, are, compared with the majo- 
rity of ground-lizards, short, especially the hind limbs. Its claws are comparatively very 
feeble, and acutely pointed f, showing that in a normal state they cannot be much u^d 
in dragging the heavj" body, or even in burrowing. 

2. The series of external ventral plates are not less imbricate than their homolt^ues 
in Ophidians ; they are covered with a very firm epidermis, much worn on the posterior 
edges. 

3. Each transverse series of ventral plates, although consisting of fifteen or sixteen 

* In the ktter case they perform a service ajialogons to the ossified tendon of the M. oblique ext&rmts of 
Marsupials. 

t Ihey are so in the specimens kili^ at the time*of capture ; in two examples kept for some feae in eapti- 
rity they are worn down to the ha^ ; this was doabfii^s caused hy efforts to esmpe, as we ol^Wve in 
Hzanls under similar conditions. 
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m iwMfcdl fti if it i«it a pi^cje, like an abdominal plate of a 
^ 1^1^ toalf mated to tbe nndmrlying abdominal rib. 

4# Wkm, riie fore part of tbe body is feed, the action of the M. rectus (assisted by 
im^or) is to approximate the abdominal ribs and plates to one another, 
m to toe hind part si the body forwards. 

i, Ihe md of toe hs^apophysis is feed in toe middle of each branch of tbe abdo- 
immd ito — that is, esactly at toe point where toe greatest effect on toe rib can be pro- 
duct 

d* Ihe action of the pair of hsemapophyaal muscles is to draw the hmmapophysis, 
^ri.mto it toe abdominal rib, backwards; the abdominal rib being attached to the base 
of toe ¥€ntaral plates, the edges of the latter must be raised, thus taking hold of any 
rou^ness of the ground with which they come in contact Hie advantage derived 
th^^^om, when toe animal ascends a declivity, is evident. 

I do not for a moment entertain the idea that an individual of HaMeria with the limbs 
dimbled could glide from the spdt where it lies, nor am I convinced that toe action of 
toe aMominal apparatus is constantly superadded to that of the limbs ; but in the ca^ 
of a lizard living on the ro<A:s and sand-hills of toe sea-shore the occasions mnst be 
frequent when the feebleness of its claws is complemented and assisted by its ventral 
plates. If toe supposition should be confirmed that Eatteria lives in holes, where the 
free action of toe limbs is naturally more or less impeded, the abdominal apparatus 
would be of material service. However, this habit has been attributed to it by Dief- 
FENBACH only on toe authority of natives, and it is not in accordance with the feeble 
development of toe claws and with the presence of a much developed dorsal crest ; at 
all events it is obvious that toe holes could not have been burrowed by the animal itself 

Bmes of the Fore lAmh. 

Hie cartnaginous portions of the scapula and coracmd (figs. 25 & 26) are very brc^d, 
tout of the former being larger than the ossified portion. The osseous scapula (y) is, 
as usual, constricted in toe middle, and there is in the concavity of the anterior maigin 
a very tostinct acromial tubeiwty (A), to which the clavicle is attached by a strong liga- 
ment. The mramdd has m natch whatever; its osseous portion (e) is mi irr^nlarly 
sutoemicircular disk, with a narrow foramen* (for the passage of blood-veswls) near the 
«iture fcnm^ vrito toe ^pula, and with a second, less distinct, near its posterior 
artraaity ; its cairil^inous bcnrier is narrowest in ite posterior half, where it is received 
ffli© toe ^enoid oivity id toe itemum ; towards the front it widens to fill the mignlar 
a|«!^between epistemum and clavicle. The glenoid cavity of toe sternum is deep md 
l^l a ®ttd toe mtore Joint is formed by cartilage ; the ligaments connecting 
fei^ toe<^s»md to epistemum and c&ricle are strong, too^i 
ifmf lo0^ a&vri^ of mtoai d motion. The Mwwrm is very similar in form to 
Wnmm^s and ctom% hmng much at ite exteesni^s, mad 

* It tWy die Croco®lB lari Tiomas. 
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ill ^ TO m 

|pi ^ tlie setxes ijf 

eadi otii«: &l ^ ai^pf 40°; ^ hsKm is mmwh^ 1 ^ 1 ^ ^ ihi^ 

!Oif f 1 ^ mJiifs do sot ®Eiiibi^ y^uli^ty f %p ^3^ ^ j|^ fef 

«rti@|l#®awiai htasonis is fiala^, so^ l^ey tiian ijiyat pf <i«? wfaW> 

well-d«idteped, oblosg, 1 »ta:aii^iml bone. Hie dkt^ id |^ l>oafs of 

mm sot in eontect ^tb otb^. Tho c&f^m m of |i?e 

m ^xtes; most <d them aro broader on the inner (p^mfu*) sip&c® ftpl 
outer. The ulna articulates with three: one (pisiforme) is, as it were, pushed 
attadied to the outmr mde of the extrsanity of the ulna, where it f^masa Y&tf ^^bpms 
luominmu^ for the attachment of the ligmnente and muscles which will 1^ xnpi^O^pd 
snbs0^[umitly; ttie two others (triqwtnm and lumtum) are the larg^t of aH^ese hmm 
m^ing up for the shortness of the ulna, which does not reach so far downward^ as ^ 
radius. The radius articulates with two bones, which tc^ther may be ro^d^ as an ^ 
TKmcuhf'e; the outer of them projects more than the other, and sometimes arth^l|des 
with the fifth digit The bones of th® second series correspond to the mefat^^f^ds, tlmt 
of the second digit (capitcxtum) being somewhat more prominent than the others. Vari- 
ations of this arrangement of the carpal bones do not appear to be scmoe ; thus, ter 
instance, the os has been found removed firom the pudied between tbe two 

series. Of the metacarpals the third and fourth are longer, the first and fifdi shorter, 
than, and the second as long as the two following phalanges together. The phalcm^es 
are two, ftiree, four, five, and three in number, and the penulthpate is never longer than 
tbe preceding (as, for Instance, in Momtor). 

Jlfasc^ of the Fore Idmh, 

Mmclm of the humeral region and upper arm . — ^The MM. deUoidem and htisdmm 
iofd do not ^ow any peculiarity ; the former arises ctnly firom the surface of the (»rti- 
laginous portion of the scapula. The mass of muscles nearest to the bfme mid pKsdng 
over the humeral joint, hnmolcgous with the MM. sfwpror and mfre^mdm et teretm^ is 
only pmtially subdivided. All th^ muscles lift and approximate the Jt^nb to the trunk ; 
i^id this is done in a direction mmre or less backward, according to digm in whuh 
the M. hMmrnm dwd is brought into 

Two muscles their origin from the bony arch formed by the tmnsvei^ of 
the epistemum and clavicle : — ^first, theporfio clavwulc^m ef the M^pe^^^eMe fafKr,whiih 
is elon^te, hammer-shaped? its fibres conveiging into a very strong H 

of the middle of its outer margins aud inserted, as nsuai# into ^ 

Although its fibres are in perfect contiguity, and aU tend to fte l^h hwriB^ 

the ch^t^ ihef are «> disposed that the anterior por^m 4mm U imnmw4t the 
ImdkwarA and the mnidle veaiicaljy to the longitudinal asis ef ^ 
mu^le arha^ finm the chrncle hi^ bo homologne m the ^ 

hi is the eiameuk-^w^^ of and situated 

fioiiaris of the p^m^ fW? ar^ teop ^ ^ ^ 
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1 ^ In t ^ ismmt stlffac^ e€ the the 

tai^i, teimeiia^ly a^fi^ #ie li^f^on of fee M. Brnekmits Mt^m. Thid 
^iiiii^iiaMlymira;wlB^feelfetti.^^i*r^. » 

M, M0^ i$ mfented as in hig^^ anisoi^ bnt Into two distiiiet 

teiSKSes itoang paralel fe meh ofeer, being sepsanted sii|ieriorly only by fee insertion 
id fee paotondk Major : ^eimer mnscie (corrasponfeag to fee the M^htme of human 
«iyol%y)if fee longer. Indeed fee longest muscle of fee arm, extending frtnn fee sternal 
Ma^n of fee comcoid to fee upper mi of the ulna j above its middle, wh^ it is crossed 
by fee tardfM of fee pectoralis major, it is reduced to a narrow t^don, so feat there is 
so fiiction between fee two nmsdes although they croas each other ; it is ieshy again 
towards fee margin of fee coracoid. Hie outer muscle, fixed fe the n|^r end of the 
radius, is arrested in its course by the tuberculum majus hummri, to which it is attached 
by fee ade of the pectoralis major ; a strong Kgaanent miming fiom this tubercle to the 
scapula may be regarded as the continuation of the tendon of this muscle, and as homo- 
logous with the “ mput Ionium.” 

A very slender muscle accompanies this part of fee M. Uceps; and being also attached 
to the upper end of the radius, and pasdng uninterruptedly into the ligament described 
as homolcgous Wife fee “ corpus longum,” it may properly be taken as a third detached 
part of the Ueepe* 

The M. coraco^racMalu has, in accordance with the development of the coracoid bone, 
become a very powerful mu«;ie ; it may be incompletely divided into two portions, fee 
cmterior of which is broad, flat, arising nearly from the entire surface of the bone, and 
inserted all over the eomave surface of the end of the humems, downwards to fee middle 
of its length, where it is confluent with fee inferior portion ; this is a more deader 
muscle, taking its origin from the lower posterior angle of the coracoid, and inserted at 
fee condylus extemus humeri. The function of fee entire muscle is to depress the limb, 
imd to effect a sisiultaneous rotatory movement of its longitudinal axis. 

Hie M. iracMaUs iniemm is well dei^eloped, and dc^ not essentially diffar from that 
of Emys tn: of Mammalia. 

The M, trie^M is very peculiar ; it consists of two stroi^ portions, an inner and a 
superflcifid, both confluent wife each other and vrith fee if. hroMalu mOerwis imet fee 
oleoanon : fee inn^ portion is attached along fee body of fee humens betwemi olecra- 
non and tuberculum minus. The superficial stronger portion passes betw^n the tendi- 
mm eids of fee Lati^imus imm and Deltoid^ and is inserted into fee contracts port 
of fee s^pulaj however, before it pisses fee tendon of fee Hti^mus dorsi, it emits 
anofemr, long, slendar tendon, m^^ing fee plexus n^orum braehialis and attaching 
to iite indie of fee fc^rior of the coracoid. This tendon spiers to serve 

m im ftlfMonal p^m oi afeKdiment to the musde. 

arii^ ctefly from fee innm' ^md^e fee 

hwemmw^ ^ kmm mdmo of fee hemes of tlm lower mm. Their numiser is 
tofea^ viz.:^ — JT. flmmi^^rwnpr<fumdm, tonmatingm five fee 
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^actreme pb^a»g^ (£ ^ ingers, wittkout a trace ei MM. ; a M.^^m 

fymm #K^w#ifipMf8 to be repr^ated in a ladimaatol w^likm if a to Pm 4 #ii 
Bia^e, wM^ takes its origin from ike fikscia covming tie tow€ar port 
«tti eiieiy §xm a ligament extended between toe os pm/mme a^ m ; it k 

fradii^ exp^ided o¥er toe palm, and sA toe toe of eaci digit toe fib£^ toe 

toe tendons of toe prt^ndus; for this reason I «a iadiaed to ^^rd tok 
ma^le as a rudimental 1. d. swblmis rather thaa as a masealar femm A 

strong apoaearotic palmmr fascia is not developed. Secondly, toegtoer mapi roMedm 
and M. prmMor arise united into one muscle, the latter beconiiag distaact towmdto 
its insertic® on the middle of the radius, and bemg entirely covered by the former, whito, 
as usual, descends to the end of the radius and to the carpus. Thirdly, the flexmt 
vkmris^ subdivided by a broad aponeurosis along the middle of its interior ; a i»rt of it 
psy^es the caipus and forms an ahductor digiti minimi. 

The extensor muscles arise chiefly from the outer condyle of the humerus and the 
outer surface of the bones of the lower arm ; they are less powerful than the flexors, 
and more intimately connected with each other by intervening ti^ue, which disappmrs 
entirely towards their origins ; so that their separation is artificial for a j^urt of their length. 
Six can be distinguished, viz. : — ^The M. mpinatcr longus and the estmsar mrpi roMalis 
hrms and Imgm ; they are slender, running parallel to each other, and inserted more 
distinctly into the carpal bones than into the lUetacarpals. The eMemor digitorum 
communis is the most powerful muscle of tois region, and in its lower part divided 
mto two portions, the longer of which terminates in an aponeurosis attached to the 
metacarpal bones, whilst the shorter coalesces with the distal portion of toe extensor 
carpi radiaUs brevis. Covered by the proximal portion of the muscle last described, and 
situated inwards of the olecranon, is a very distinct oblique muscle, arising from the 
condylus intomus hnmmi, and attaching itself to the outer surface of the olecranal part 
of the ulna; it occupies exactly the position of toe Anconmis quartm^ and nmy be 
regarded as such, or as an Eadensor carpus ulmris (which otherwise could not be 
account^ for). Finally, the muscles which in Man are divided into the abductor and 
extensors of the thumb, form in B.atb&(%a one flat layer covered by the digi^rum 

commwds, arising from the distal half of the ulna, and spreading over the boaes of the 
carpus, to which they are attached ; toe fibres nearest to the radial maigin are cotteet^ 
into a tendon which is inserted at the metac^pal bone of toe thumb. 

There m no ligammtwm osseum between ulna and radius ; it is repkw^ by a strong 
muscle, the fibres of which are transverse, either vertito to the longitudinal a^ of toe 
arm, or obHqmely descending from the vHxm to the radim 

Of the mtmks af Idie hmd, those mentioimd above imd tie cm 

remains to be noticed, lying below toe ^fiexor MgUorum mmmam m toe metae^^l 
bones ; it ari^ from toe s^jond series of carpal bon^ its fibres diveigmg dbkfly fri^ toe 
carpal bmie of the fourth digit (os hamatum) to the base of the pimkud 
of toe digits ; it ^^taaUy aMsts in adduction and totom of toe 
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(igg. 2T Sc 2S) reprints the ladertian, and not the Crocodilian type, and 
frdm the foimer in the snhrertii^l direction of the ascending part of the ilium, 
^e aids of which forms with that of the vertebral column m ar^le of about 80°. Its lower 
siiffece is iatter and convex than in the majority of lizards. The ascending part of 
the ilium is about thrice as high as broad, and projects much beyond the transverse pro- 
of the sacrum ; its hinder margin is nearly straight, the anterior having two very 
dight tuberosities — the upper opposite the junction with the ^mm, and the lower on 
the dio-puhic suture. The acetabulum is formed by the three pelvic bones, as in lizards. 
The pubic and ischium are very similar in form, and form with their fellows moderately 
broad symphyses ; the obturator vacuity is of the usual extent, divided into two by a 
strip of the symphysial cartilage. The pubic has a remarkably developed uncinate 
pro^s (c) in the middle of its anterior margin ; and still more prominent is (he Me- 
romtm isekii (d), the distance of the latter from the tmcinate pnbic process of the 
same side being quite equal to that between the two pubic processes. These processes 
serve for the attachment of ligaments and muscles, to be described subsequently. The 
pubic bone is perforated by a nerve and blood-vessels for the abductor muscles of the 
femur, about midway between the undnate process and the foramen obturatorium. The 
symphysial cartilage shows scarcely a trace of ossification. 

The bones of the upper and lower leg do not differ from the Lacertian type : there is 
one large trochanter (corresponding in position to the trochanter minor), no ossification 
in the Ugarnmimm patellare, no sesamoid bone between femur and fibula, as in Varanus. 

The tai^l and metatarsal bones agree with those of Varanus in number and arrange- 
ment ; all are thin and flattened. The fimt i^iies is composed of the two bones which 
may be briefly designated as astragalus and calcaneum’, the suture between them is 
freely visible, but it may be distinctly seen that the fibula is articulated with the cal- 
caueum alone, without coming in contact with the astra^lus. The second series consists 
al^ of two bones (the inner being veiy small), intercalated between the first series and 
the three nuddle metataimls. The fifth metatarsal has the proximal end dilated, this 
dilatation havir^ the irregular form of a tarsal. A thick cartilage, without ossification, 
intervenes betw^n the first metatarsal and astragalus. The first metatarsal is shorter, 
the three middle longer, thmi, and the fifth as long as the two proximal phalanges 
together. The number of phalai^s is 2, 3, 4, 5, 4. 

MmeUs of the Hind Lmh. 

The d^eimmation of the hom<ff(^ies of several of these muscles (%, 34) is a matter of 
mam'taiiity; I mn guided in if citiefiy by the proximal point of their insertion, in the 
^^d place by their function, <xmiridermg their development and extent a matter of but 
1Mb The powerful miten^r known as MM. rectus and vmU, and properly 

r^iffided as one muscle hy Him* (estemm' mme qmirm^s% is at once recc^ized ; it 
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is Iwiiydl hj ttee the asA n^p^Sfeial «nsm irom #.« m 

the mm& m mM mmes horn i ^ht m ^ ^A^ei l&a 

iMo^bk ^toe ; <iie third is my^emd hf tbe two iti^ M ^l^iiWf 

m&oe irf Iw^ half of tho feniur. 

wmmd naii^de, whioh takos its oiigin ik^in the am)e»4ii^ potticai of tibe os«i^ 
mftf 1% te^rdod as M. iUams i^emm ; it is eotiroly coTi^i^ hj ^ M^ mA 
nli^^ along the onkr and hinder surface of Hie upper htdf of thel^^; it 
^h baekwaids uid upward 

Ihe M, pmtmms arises from the ventral surfrce of mpMs sHd ilkm and from ik^ 
antmior ^ge^ and, descendii]^ over the humeral joint to Hie laitero-mtmiof nufrice ef 
the humeriM, tmmiimtes just above the lower (third) branch of the extermr mwi $ ; k 
draws the limb forwards f. 

Hie M, gradUs runs parallel to the slender head of the Jf, esrtmsw ifrmis ; it luises 
from the un(miate process of the os pubis, and k inserted into the hinder dde of the mid 
of the Hhia. 

Immediately bdiow the skin, the pelvic region k covered by a flat and thin mu^e 
admi^ from the symphysk o^ium pubk et kchii and Hie uncinate process of the os pubk ; 
it k the hindmost |»rt of the M. obliqum abdomkm estemm. On removing this muscle 
a strong ligament, stretched from the uncinate process to the hindm end of Hie symphysis 
omnm kchii, becomes apparent From thk ligament, as well as from the tuber kchii, 
arises a mass of mu^es divided into more or less distinct portions, which, however, 
cannot well be designated by names taken from human anatomy. We can only deter- 
mine it so for in a general mminer, that, to judge from its origin and from its function 
of herding the lowm 1^, it corresponds to the MM. semmembfimacens, mmtendinoms^ 
hicef9 (aud glutms X) (%. S4, h c). Its largest portion covers nearly entirely the lower side 
of the leg, and is inserted into the outer tide of the end of the tibia ; it emits a branch 
to Hie inner tide of the distd half of the femur, which has the function of im adductor 
femori$. Hie other, m(»e slender, portion k eutirely on the hinder ti^ of Hie leg ; its 
fibres are confluent with those of the forger portion, near their origin ; anotiber pcution 

* ty Dr. Hiir&HTOir as in the€roeodik(Aim.&Hii|^Hti»!^4 

1865, Tol. xvi. p. 327). It has in the Crocotile exactly fiie same anterior position, the simie «rkin, and the mms 
extent as in Matteria (and otiier lizards) ; bat it is somewhat more feeble. It ^sias into foe te^oa of foe 
eMmmr erwm (ligmnm^m pai^lm proprmm% from whidi it can be sevefed (mlj aitifitialfy } It is 

one of foe <diM extensor mnsdes of the lower 1^. For these reasons I cmmot a&pt 1^. Hxvosiiroir^s 
mmation, but I r^ard it as foe rectm porti(m of ilm exiemmr eruris quadriceps, A M. g^tdmm is not 

devtiop^ in ^mam. Also Bmmom {* Bissmt. de Mnseulis Croeodfo,’' ddkstd to Mmxm.) da^l^ ft as 
a part <£ foe extei^ {urntm sa^&mm), and do^ sot mention a qk^sm Wfod I Mm dEisdbM m 

foe s^){md aiti tiesdhsh^ of foe extensor, and has siko by hem identic irifo foe 

is M. rsdm by Br. HanoHrmr. In MaUsna it passes smiply into foe ligammtms ^eO^Sf imd foere Is 
no connemott w^ any of foe mn^ies of foe calf of foe feg. 

t Btkm^dtosi^befok^ frorfoei^^; batite migm k i&dhiaiitfroatt foe 
a pso^ d^e@sih)^ frm fo» lumber f^on fo foe kimatts » n# fo 



m ot HAffSEu, 

ei- iwm 1^ be^em tul>er i^Mi aad th® j^t of 

ila ii iomM iato the tofflr ride of the end of the tibm» 

A feeo^ awiicle (#) ti^es ite origiii fmm or nine iM inferior sinnons 

f re^p^ of ihe eandal ^rtehral c^innaoi and the Iowa' surfece of the correspcmdii^ 
it » ?erf imbedded hetwe^ the eaa^ mumdee proper*, pompres^d, 

ihe hww ronnde4 and sej^rated frcwi the anrronnding miroles by very 

lOQ^ peUuiar Jt tap®is behind into a point ; imd becoming padnaUy stronger 

towards the trunk, it j»pes below and crosses the %ament extaiding from the tuber 
to frie ropt of the tail (d) ; the greater part of its fibres are hae «>llected into a 
broad and strong tendon, which is attached to the inner troch^ter*like prc^nheram^ of 
tte femur ; but another portion (e^), strengthened by additional ^scicles fr<mi the broad 
ligamait mentioned, pas^ into a slender chord-like tendon (a^) which rmw alo^ the 
entire le^th of the femur, and is insated mto the end of the fibnia. This muscle 
draws the limb badkwards aud roUs it outwards ; aud with its slenda tendon it ai^iste 
in balding the lower legf. 

A very long and daider muple (h) acaimpanioB the ischiatic nan® ; it arises from 
the os sacrum, passes along the outer side of the femur, and is inserted into the outer 
side of the fibula ; it bends the lower leg (M. agitator coMdas of Dr. HAtJOHTON). 

A very short muscle, aitirely hiddai by the two muscles last described, reaches from 
the tvher iseJm to that part of the femur where, in Mammalia, the trochmtar majoar 
inojects ; it is an abducten muscle, and rolk the 1^ slightly outwards (M. quadratus 
fmoris). 

Finally, a broad muscle, arising from, and lying immediately on, the aitire lower 
surface of the pelvis, is inserted into the prominent inna tuberosity of the head of the 
femur ; it is covered by the hinder part of toe eademm and by the foremost 

part of the large flexor muscle ; it is the principal addmtor of the limb. 

Of the muscles af the lomr leg, those on the mdenor side are readily distingufehed as 
t&miUs nnttoai, utmsoar dtgitormi (pomamm Imigus), and peroneus ; toe ##- 

in two slender tendons only, inserted into the metatarsal benei of toe 
second and third toes 

The mutely on toe Mmder ride of toe lower leg are disposed in ^eial hipni. The 

• fri a a:Mp3« it is Mtnated above the peak and its mnsde. 

1" Dr. SavaffiKnf Q, &),4^xibe9 aad 1%ar€» this muscle in the Crocodile as Jf. ea^is^ femgris mwdalis, and 
ik ^ in tbe ^omng woords ; — Hie Ciwodile, resting on nmd, pr<^re®^ diiefly by nmg Ms hkd 

as I 1^ in das ime of dimn dm great caudal extensor of die diigh k the nw^ powerfol and. im- 

i%k wuflde k develqied in ground- aid tr^e-lizards m wdl m in the 
uf its beu^aa<a^n dbpted for dt# pmda of too 

M too ovdkiBqf loG^odon one of toe hind lijnbs k advmii^d, aijd ha ario toceaa^ 

too ixed j^&t, Bite Mai paut cf toe body ftarwardfi^ in which it k mateiiMly a^rkted by having 

a toffilift vk. <hi toe ^ irf too ui^ 1^, and by ite steads tendon <ai dm Mvrer. toe 

tooBteto, ^e^^atto^o#®^ toe 

kurorMl. 



ils m tfCTMt m loam 0? mkmmLk, 

layw ©f two aaoscles equivalent to the MM, 

mim {k% al^%h wigins are Kimewhat modifi^*. The M, ©«xmp^ ^ 
tihial mde, «fti aotaes from the upper end of the tibia, fitting a tai^m if 
fiu^t with the slender portion of the gimt ftexor (bie^s t} ©f tl^ J^aa^nd » il 

teimfr^te ina broad tendon thinned into a fasda extendii^ acaro^ the mi 
atteA^ to the astrg^us on one side and to the metatarsus of the ffrh toe m the oA^. 
In order to have a full view of the M, gastrocneinius, it is n^^saiy to remove the 
it is much larger than the solem, and occupies the fibular half of Ae lower ; it 
two heads; the larger ari^s from .the femur and long tendon of the &riemm fmmm 
and passes, in the tarsal region, uninterruptedly into the flejm ^ipterm^ 
cofwmmds brems, the division between both muscles being faindy marked by a transvefse 
tendmous inscription. The second head is very slender, and arises from the tmdon 
the great flexor of the femoral region, being confluent at its origin with the Jf, mlem. 

The seemd layer consists of the flexor digitomm eommums longus only ; but this 
muscle has three heads, which are united into an exceedingly strong tendon in the tar^l 
region, which, as usual, is split into five branches, each perforating the correspcmding 
branch of the short flexor. The longest and most superficial of the three heads is 
confluent with the large head of the gastroonemim, both having the same origin on the 
femur. The second head is situated below, and covmred by the first, and arises from the 
upper ends of tibia and fibula. The third head is additional, and may be r^arded as a 
separate muscle, running and working in a quite different direction frrom the others ; it 
is flat, rhomboid, and arises from the outer edge of the lower end of the fibula and of 
the tarsus, runs transversely to the li)ngitudinal axis of the limb, and meets the common 
tendon at an angle of 45° : whilst the two longer heads of the mu^le act and bend the 
toes in the direction of the longitudinal axis of the bone, the action of this short head 
crosses it obliquely, and bends the three inner toes only. 

The third laym* consists of the M. irUalia posticus i it arises from the entire posterior 
side of the tibia, its fibres descending obliquely, and converging into a ln*<md tendon 
inserted into the metatarsals of the three inner toes ; it draws tiie foot backwm’tb and 
inwards. 

The spai^ between tibia and fibula is filled by a muscle the fibres of which nm 
versely from oue bone to the other. 

The muscles of the foot agree perfectly with those of Grammdopk&tu and Iguamt^ of 
which latter lizard they have been describe by MECKELf . 

I have given a deteiled di^ription of the muscles of the ext^oiti^ in the hope 
of fi nd in g any peculiarity by which BMterict might be distinguished, or wMch 
in deter mimn g its affinities, but be<^use little attention has b^a paid to Ac 
myology of Baurians, mid b^jause the muscles of the hind limb of the 

* Br, to iiue M. FhnUmis, ft® M. ^ 

t Sjstem 4 Tef|4 Aaat rdl. iii. p. 285, 



m mtiismt m nATm&A, 


m 

dT ia a p«^*. I lave cloeen for coEater^ exaaimatioa 

IpMm&f Vmwmtf Cr&cf^lm {americmm, yoniig, 18 incl^ loagX 
fte geamal iHrai^aaent of the mmsdes ren^rkably uniform. Dr. Hauohtoi? 
as a pmilarity of ttie C^tocodile an int^lacing of the tendons of various 
mys tlmt the effmt of it must be to produce dmultaneiiy of action among 
^m, ^dr a cormexion of musdes by means of tendons has be^ d^cribed above as 
^lii^iag bdweem ^e Ea^^nmr femoru cmidaMs and Q^adromemmy and between a por- 
ikm of the Memr cruris {Uceps) and Soleus ; but I have failed to find the connexion 
between ^ “ M, r^m and plantaris ” (so named by Dr. Hauohtok). 

Gmerally speddng, smd not taking into considmntion Ihe numerous instaiw^ which 
iii%ht he adduced to the contrary, the actions of the limbs are leM diversified in Samians 
^tlmn in the h%her classes of Vertebrata. The energy of the contractions of their 
mu^l^, althongh it may be momentarily great, is less enduring, so that the dispropor- 
ticm between fheir feebly developed Hmbs and the size of the body appears only the 
grmter. D accordance with this the muscles are found reduced in number, and sim- 
plified in their arrangement, inasmuch as muscles the origins of which are in close 
proximity are frequently partly confluent, or a fescicle of one muscle passes into the 
substance of its neighbour. There is no doubt that such mu^les act simultaneously ; 
but this want of separation refers to collateral muscles only, 

A want of separation of muscles belonging to different regions, such as the interlacing 
of tile tendons of the muscles of the upper and lower legs, does not prove the simulta- 
nmty of their actions, — ^first, because the connexiou between them is effected by tendons 
more or lera intimately attached to the bone, which mterrupts the continuity of contrac- 
tion of the upper and lower muscles. Secondly, the simultaneity of action could not be 
produced without the simultaneous influem^ of the nerves entering those mmoles ; and 
as it is dependent on the nerves, the tendinous connexion is not needed to produce it. 
It Is a circumstanoe worthy of notice that all these interlacements are in the fossa fOflitea, 
Mund the kn^joint, which in Saurians is almost always in a state of flexion, and that 
tii^ animals are able to draw the lower leg so far upwards as to lie alongside of the 
upper. This will r^dily account for the unusually high insertion of a part of the ten- 
#mm8 terminations of the lower muscles, at a place above and somewhat remote from 
the end of tiie fimiur, and myore e^iecially into the tendons of the upper muscles, there 
bang no room on tiie bone itself 

in MaJttmia, as w^ m in oth^ lizards, I have observed that parts of one and the same 
mmide are often so loosely united that it may be easily, though artificially, split from 
mm. to the otiier, teuf^ng one to adopt a nomenclature created for higher 

with a more divmiified action of the liml^ and a greater multiplicity of 
ihus tee mr^^Ular ^stem of the limbs of lizards api^us to be tea* 
by tee.^ajted Ocmfluence of the fe^cles mad teadops of different 
but by tee hiwe ^ipxion of tee tesmdes of the musd^ gmi^dly. 

By^ Ber. ffurom, 

Ifet Bast. 1865, vol. lEri. ^ 8iB~331. 
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»yt»Ali ^il<ms ti the ml^8s^3tts $3!e netlaei Im M 

hgtooe poiyiiited by I^. Gsay ; aad the cattenmi of iwattfa# iaii 

raeE#Dm&did> 0 Ye ; so I have bat littib toadd. Ho paft of dee eNWi^^^ai^ 

ISiere are bo imtaaeoBs glaods 1 b aay jart of Ihe b<^y, eil^fi de 
gjbads, which may be more properly described with de orgaos <rf 
^)-^ied femoral and pn^nal pores are enrirely absent, with de sBb<mlwi©c«ffi foffl^^. 

Organs of Smse*. 

A rimple tarbiaid b<me occupies the bottom df the entrance of the mmd 
an iimialated crntdage projects fer into it from its roof; the latter may be distmi^y 
^en firom the palatal opening. 

The ege is protected above by an npper very short eyelid ; the lower shuts rim e^ 
entirely, and contains a cartilaginons snbsemiglobular disk, as in Agamoids generally t a 
membrana niditans and the ladtrymal gland are pre^nt. The sclerotic ring is cmnpt^^ 
of seventeen bony lamellae. The iris is divided into two lateral halves by an upper and a 
lower strip of accumulated elastic fibres, ccwer^ with an iutraisely black pigmmit on the 
inner surface ; the pupil appears, in preserved specimens, nearly round, hut is slightly 
contracted vertically. The lens is, as in other lizards, globular, flattened in front ; but 
Hatteria differs from them in not having hpectm (falciform process). 

With the tpnpamm a tynypmic mvitg is entirely ahsait. The only remaming portion 
of this sphere of the ear is the stapes (o in figs. 2 & 6), 11 millims. long ; it lies in a groove 
of the exoccipital, imbedded in cellular tissue between other imft parts immediately 
below the membrane of the auditory rece^ of the pharynx, and terminates at its outm* 
extremity in a suhsemicircular cartilaginoas disk, to which the outer horn of the h^id 
bone is attach^ by a fibro-cartiiaginous ligament. At its inner extremity it is thickmi^ 
into a knob fitting into i^efmestra omlis. 

After removal of ^e bony part <ff riie exocdpital and basisphenoid, wMch forms te 
bottom of the UA^wth, a cartilaginous capsule becomes apparent; its thi€hnai» is 
a millimetre ; the membrane coating the walls of the cavity is of a deep blb^ colo^. 
Ihe saeem vestibuU contains a rin^e pear-shaped otolith 3 millima loi^ and 2 
broad at its widost (inner) end. The cochlea is more dei^lop^ than m oflier WmSs, 
showing the commencement of a spiral turn ; the membrane at its Imse w^n^ans^e 
minati<ms of rim cochfosr nmwe, wMdh is abruptly split into foinr dMn^^ildiQy ^^ed 
and ftm-like bimcbes. The three sendoitmlar canals Im bdbh^ and ^novdiat otttwBxd if 
the cochin ai^ mo idso membrmnmeons, othmvrise develops beh^ fri^ IStbli 
millims. long. - * f ; 

* Tl« jyiowiBg snsiidb OB amtomy paris df «y|, 

emadal^ and (»ie, imly a dii|^ sample (and fida pi^aerr^ m 

kaa beeB availaMe f» diisft^oB ; sod I fiaVe iwt tfioBgbt layweJf jasiKed ia 

wfs a m ia pshilshi uMik jptipB 

ii« Ij^^rtaan type. , , . 



W -Of MAmmu. 


- liave Iwen i^imM ia ©OBaesiofl mik the bones of tbe jaws. 

{ig. 16} is ^ongaj^trkmgidajf, postmoriy with the base entirely 

te &e bott(aa of the n^n^ and angularly indsed to receire the glottis*. Its 
liofiMBe is d^i^ly wMi m& i^niited papillae, without any tubercles or scales, and 

dif^ed mto two l^mal halves by a shallow median furrow. 

Ihe mMmpf oig^s are birt little developed ; the mucous membrane on the outer side 
of tile middle of the mandible has a spongy appearance, the sur&ce being iqr^ularly 
reticulated. Along the side of the base of the tongue there are dmple solitary glands 
in small number, nowhere aggregated into a larger mafi». Their openings are nunute, 
and most distinct on the side of the root of the tongue. ^ 

The hy<M does not show any peculiarity, except as regards its attachment to the skull. 
The body is arrow-shaped, but little ossifi«i, tapering into a long point in jOront, and 
split into a pair of accessory horns behind. *!he anterior horn consists of two pieces, 
neariy entirely cartilaginous, the inner mnch longer than the outer, which is attached by 
a ligament to the terminal cartilage of the stapes (see p. 26). The posterior horn 
consists of a long, arched, entirely osseous piece, to which a short terminal cartilage is 
joined. No part of the horns is dilated. 

The mopJmgus is wide, and pass^, without distinct separation, into the elongate, 
spindle-shaped stomach; the muscnlar layer of the latter is nowhere conspicuously 
thickened, and its mucous membmne is raised into only a few longitudinal folds. No 
cmroatura major can be distinguish^. The pylorus is indicated by the cessation of the 
longitudinal folds ; the duodenum is 9 millims. long, and operated from the small intes- 
tine by a circular valve only about 1'5 milUm. deep, and consequently not entirely 
shutting the duodenumf . No part of the ^all intestine is provided with valvul® conni- 
vent^, all the folds running in a longitudiaal direction ; they are numerous and veiy low 
and raarow in the upper fourth, broad and less numerous in the middle, and disappear 
mitirciy towairis the rectum. There are no patchy of accumulated glands anywhere. 
Ihe i^ismge into the very wide rectum is narrowed by an incomplete valve. The cloaca 
is separalcri fr^n the rectum on the dor^ side only by a fold of the muccm. 

The walls d the inteitines are throughout very thin ; the small intestine makes two 
compete drcimivoluticms, and is 180 millims. long, the rectum with the cloaca 100 
firiUims. 

The U'm' is con^cuously divided into two lateral portions, each of which is subdivide 
ia a imrious and appmntiy irr^ptilar manner. The bridge between tbe two portions 
the Iowa* surface of the posterior part of the stomaih. The left portion lies in 
tiie psi*t of the abdemiiifil mtvity, is thin, twice as long as broad, and fixed by an 
and longfihin^t to tbe pubic btme. This portion is at some places 

* jifes pcwteiOT iadWoB is li® m Ormirmtophara^ ra wMdb, moreover, each posterior am^e of the 
pA^eed Mto b phied lobe. 

t Broc. Zod. Soe. 18 il, pp. 60 , 110 . 
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fd hA wm m kmcdkte mdk S^mt i^mA 

pe^^ iKOa %e dox^ ; a«d omtefer, 

l(^)^^^to^body of the Jiw byaliJn s^leoaly* 

withsevei^ pojectip^app^aiitog^ a^oo^te^y |i|Ai^ifr 

oa titoe whole, not lw:ger) thfui the kft*. , 

^ilie fGlI^kdder k of the size of a curraafc-l^rry, and linbedtM in x%hl hkm 
to its transitiaa into the left. I^e and pmerms are very eloi^te ai^ 

No taace of mfmu ai^osa. 

Heart. 

Ihie hearts of two examples were examined ; but in both toe substoaee had bei^i^ m 
drtmoratod toat it was impossible to dbtain a clear insight into th^ stmctuie. 
mueoulm’ prt is extremely thick, toe ventricular c»vity being very small and* app^^eod^ 
sample. The two atria are entirely separate, of nearly equal aze. The aortm and syctoiiss 
pulmonales are externally united into one stem ; and altoough toere is only one ostium ft® 
toe aortas, toe truncus aortae is extremely short* 

Or gems of HespiroHm. 

The larfox (%. 16) is composed of a complete psterior cartilaginous ring and a pair 
of separate anterior cartilagea The ring is broadest laterally mid narrowest anteriorly ; 
it bas a slight protnbmance (c') in toe middle of its lateral posterior margin for the insor- 
tirni of toe M. dilatator glottidis (c). The anterior cartilage are seprated in ftont by a 
wide interspace and united psteriorly by a ligammit ; they are produced to form toe 
glottis, which, compred with Agamoid lizards’, is very wide. Two mmoles are attoched 
to toe larynx on each tide : the M. diUtator glottidis covers toe out^ lateral sur&c^, 
being exl^ded ftom the mar^n of toe glottis to toe posterior tubercle, as mentic^d 
above. The com^resmr gkiitidis lies witom toe glottis, and extends ftom its antmo- 
interior mari^n transversely to the hyoid bone. 

The trmhm (%. 16) has none ei the cartilaginous riup <dosed on toe ; a^ 

many reach only to the median line in front : they are very irr^rdarly armi^^and 
and iexible like mmnbrane. The two bronchi are very short, and teratoiate Imd^^iaMy 
b^ind their entrance into toe lungs. The hmgs of both sides are of xmwly tlm mme 
capacity, rather large ; they are simple bags with large cells in small nmnb^, aamfe 
re^mbHng toe lung of a Batrachian thmi of a lizard. 

JJrofOi^ Organs. 

The Mdmgs i^e situated in toe hindmost part of toe abdemtomi vht witoitt 
plrib ; they m te, entirely ^prate 'tom eadi other, aM to^ hMm 
and diffeaent in toape from toe ri^t Each is iacomp^ely tofiM kito iwi p jl^ 
iob^ vefy irregular in ftam The right m erf an ehm^te-ofate witowrt 
* la a kept ^ warn m tba fifWM lAmto aSMta 



cm^WB maxoat ov sAxtmtL 


to 1^ ii df twto ^toit ^ to ri^t, lias a 
'fym^ sitia^l^ w& to^ tietip©® tiie transv^e ptoc^sses of tib© tw© 
msM is to IMmfs Ife m to closest ^smni% to to cltmca, t}ie ii*eto?s 

m ©paal^^ togetharmtii to vm deferens of its side, in a jmpUa 

to btowi to foM of to mucous u^ubime wMch separates to 
tom to cloaca. The uriaiuy bladder is large, elongate, subcyMndricml, opmiing 
sA to u^l ^ac^ into to cloaca. 

T^ are elmigate-ovate, situated in to anterior half of the abdominal cavity, 

i^ydy opporite to each other. The vas drferms li«s at some distance outumrds tom to 
testicle, receiving to “ efferent canals” at nearly right angto ,* its course is but slightly 
unduh^d. There is no trace of m ifUromittent eopulat^ organ in Batterm, eithmr at 
to root of to tail, or in to anterior wall of to doacm, — a pecnliarity quite unique among 
Saitoms* The pair of lateral anal glands^ however, which open into the outer comer of 
the mml cleft, are quite as much developed as in other lizards. Hiey have beai but 
lito noticed by anatomists, although they appear to be present in most ItoMs. Ihey 
lie, qtute toe or surrounded by very lo^ cellnlar tissue, in a hollow on the lower side 
of the root of the tad, behind the caudo-ischiadic ligament They are of a globular 
form, and open into to base of to exsertile male organ. In Grammat(^hora and 
Be(dco a portion of the corpus caveraosum extends to the base of to gland, whilst it is 
perfectly isolated in Uromastgx. I have not found it in Artiphishama, which has a paired 
penis. STAiorms designates the secretion of this gland as smegma. In Hatteria the 
gland (fig. 34, o) has a diameter of about four lines, and is qtiite toe in to cavity 
bdiind the isdiium : its opening is closed by a perforated membrane (fig. 29, b); and the 
contmits are dischaiged by about eight small foramina. The interior has a spongious 
app^oance, being divided into many irregular smaller and larger compartments, ;^pa- 
mtei by ^pte with partly toe or floating margins (figs. 30, 31). They are small and 
tort towards to pmiphery of the gland, imbedded in dense fibrous tissue, becoming 
Imger and more elmigate in to middle ; to larger have a tendency to radiate towards 
to external rq^enii^, behind which toy empty into a common vacuity. All tiiese 
mmpartments were found to «xintam a finely granular secretion, which of cour^ was 
much alters by to acri<m of to spirit in which the specimens were preserve4 

Concluding Bemarks, 

Brfore condudisg this p^r with a few words on to pc^tion of BcMeria in to 
Pj^em, I dhall brirfiy ^view the more noteworthy peculiarities by which it is distin- 
tom otiimr ^mriass. Hmse presented by the toll have been ah^y r^ptu* 
hM{p. 10). 

1. Ah&m idl, to am^itotoa rfructure of to vertdro must be mention^, a eha- 
wM<^ 4c^ not m mmf oi to recent Saurifuii, exc^t in to d^^radi^ typ 
Tim vmrtod Mmkm oi to centra of to caudal vm*te!nm oh^rved in 
* OiinrlGMe|y eseonii^ w&e msim^ 



^ ^»#;|0«^DErg dSm fliaferawi-i« »piM' 

!Ilie last |»r^w ti^ tail i« irf 

it k mmtk 1^ p^o&cm^d in M^i^rm ^m m -&^m 

In i^peck tte wrtabial colmBia ^yfEuMmm n<^ i^i ^ 

iiwii pointe as tibe unifem <ie?elopm^ of neaial jte 

ds^Qioiy <^Iiqae dir^^tifni of iiie ^udal pleixrapoph^yses, idueh pdok 
of wbiHT importo<^. 

% The nftodifioatifms df iiie oostal liaemapo|^^es : — a, imto a s^ks of 
identical in pcmtion mth the uncinate pix>cesses of birds; and, into a ^«ilde toai^ 
seri^ connectii^ the ribs witii the thoracic and abdominal sterna, the dk^ hmg 
much dilatoi to form the \me of a ^stem of mnsd^. 

B* The de^opmmt of a system of abdominal rib% neither floating (Cho^^e) nc»r 
mere <x»ntinuations of the true ribs (Chmnieleon), but standing in functioiml rdii^sn to 
the vmitral int^uments. 

4. The continuity ci the offiifications of the cor^oid, the presence of an acroml^ 
tubeiosity of the scapula, and the subvertical djrection of the os ilium are very rmxmrk- 
able Aviations from the Lacertian type ; whilst the arrangement of the bones of the 
limbs does not riiow any peculiarity, except in the articulation of the fiMa^ whidb k 
joined to the caleamemd. only. 

5. Absence of the pecten of the eye. fktire absence of tiie tympanic cavity ; attach* 
ment of the hyoid bone to tiie terminal cartilage of the stapes ; commencement of a 
spral turn of the cochlea. 

6. Although the details of the structure of the heart are, for the pzesmit, unknown, it 
has l^n asc^rtainrf to be of the lAcertian, and not of the Crocodilian type. 

7. The oigans of re^iration and digestion adhere closely to the Lacertian, and more 
espethdly to the Agamoid type, as does the greater portion of the uropoetic organa How* 
ev^ the kidneys foe mitirdy within the pdvis ; and the absence of a copulatory oi|^ k 
a dtocactmr by whi(h Hait$rta k distinguished from aU other Sauriana 


There cm be no doubt that HaUeria must be removed from the j^nily ci 
and that it k the type of a dktinct group ; but the question k whether thk group riicmid 
be subordinated to the Saurians as a frunily like the A^anddae, Jgwmiim, <»■ 
whelks chaimters pointed out are de^ed of sul^cient im|K»rta£^ to to it a 
more dktont poritiou from toe oto^ limrds. In a syitoa fbmMi vptt 
charactmrs mriy, toe foimmr course wmM be takmi, amd a fan^y wcuid 

^kc^ n^ toe J^mmdw, with which it agrees in the majori^ of ik 
Mc^ev^, to^ k s^r^ly a sy^omatist toe present j^y who liit or 

atiention to amtomic^ chamdmrs in esttolkhiag tim hi^or ^vkktta 31 to^ Hr. 
Cmv a^ts into toedkgmiris of hk te^on limrdi 

articukticm of toe tympnic to toe skull and the pak^ copuktory 



m m mm-mjmmM ojr wMmmA. 


If il h &Gm ^ s^km Oaic^mkt (^Tm> 

#ai OrocoiiBaas -f- AmpMsbieiiiaiis). Hie ^opoi^ hj ^mmm iato 

-i- AmfMjAmamm) imd Mommm^Uml'SoTtmmB 
4* CfeEK^^yfflaa) is fooaded ^^tiaUf cm tiie saiae dimae^ that of Gmy. SaMma 
mter mj «rf thediiMOBS defined hi those two systems. Professor Owen 
irfffira the reeaat Eeptite to four co<wpdinate orders — Ohdoma^ LamMw^ OpMdia, and 
4k00e^^m; would probably enter the second, inasmuch as the character of 

‘‘ Tertebrm” assigned to this order, is the only one by windi ffattma would 

Im hut the Geckos, which are LacertHians in Profei^r Owen’s system, also 

h»^ ^^ic^dUan vertebrm. In the Orocodilia, lilsewise, this is not ^nsidered an 
character, but is used for the distinction of the suborders. 

In theto tiiree systems the Crocc^es axe removed 6om the Lizards, into a distinct 
ordmr car section, on the ground of osteological character as well as on account of the 
higher organization of their soft parts. Now in H<Meria the modifications of the 
Lacertmn skeleton extend to the same parts as in the Crocodiles (except the anterior 
ribs and thoracic sternum), although tl^ey are frequently of a different nature j and the 
repetition of Lacertian characters in its soft oigans is in some measure counterlmlanc^ 
by the absence of copalatory organs. Therefore we cannot hesitate to claim for it a rank 
higher than that of a ftimily. The presence of a double bar across the temporal r^on, 
the intimate and firm connexion of the os quadratum with the skuU and pterygoids, the 
erect ilium, and the uncinate processes of the ribs are characters by which a tendency 
towards the Grocodilians is manifested ; but here the resemblance ceases ; and the affini- 
ties of ScMmia with the Lizards are far more numerous and of greater importance. I 
me&d only mention the structure of the heart, of the organs of respiration and digestion, 
the abj^nce of a diaphragm and of peritoneal canals, the transverse anal cleft, the 
id^nce cff an external ^r, the free tongue, &c. Yet were we to a^ociate it with the 
m one group, the unity of this group would be entirely destroyed. I pro- 
p^Me, thmefore, the following modification of Stannius’s division of rec^t Eeptilia, 
addizig a few of the character which appear to be of special importance in the determi- 
mtticm of the affinities of Mattmia : — 

EECENT KEPnilA. 

L jiJDid hmai^mrse, Copuktory organs paii^, if pr^nt AU the 

, , ribss v^rt^rse two or none. 

order : Qimtfrate bone articulated to the AuH ; brain-capsule enfe^y 

; mmi of tlm mandible united by ligament. Copulatory or^ns pre^nt. 

Ctodrate bone articulate to the skull; parts of tiie 
and ix^fto-^heuc&d fibro-cartilaginous; rami of the mandiHe unite by 

Mtme; temp^^ r^ksi mtomit, or mth ordy one hoiizontid bar. Copulatory 
pes^t. 



^ ■ Wm^^m pm^m. - 3^ 

» ■ ' ' ' < ■ ' ’-- - ' ■' 

€^p0mm. 

'.fc'li^w Odiaa^:p^^ - ‘ ^ ‘ ^ 

T^rfMhm ^?d^am| ate aroiinf 
to €te loastoWl; Impoial bar No ^me&u 

fttoderB. Wpdimwa, YertebreeampMco^lm; orbital 3^ 
a^ ie? el<^^ A oolui^Ua. 

TMrdi«^r: J^n^aa^Mia^. Qai^atoboa^^axtorallyaad unm?^^ 

too jkoli ^d pte^goid ; columeBa pi^s^t Parts d toe aH* aii^ osWiiH^^bi* 
aoid f^oas fibro-cartoagmoas ; mzai of tbe maadible aaited by a toorl 
lig^amt. Temporal r^oa wito two borizoatol bars. Ymrtobr® ampiu^o^m. 
Copulatory oigaas aoae. 

n. LDBiom. Aaal cleft Icmgitudiiad ; copalatory oigmi ^mple. Aatmor Miir« 
cate; sacral ymtobr® bpm. 

Foarto ordmrt €r<mdUkL, Quadrate boae satan^y aaited wito tbe toall ; prts of 
toeali* aad orbito-spbeaoid r^cms fibro-<mtilagiaoas; maii of the aiimdible 
aaited by satore. Choaam formed by ptmy^id mid palatoie boa^ 
ni. CA!rAFaMC£A. Aaal cbft loagitudiaal; tKipalatory or^ta toaple. TVaak«dbs aad 
steraam dik^ m<m m less cmapl^y amted by satare. 

Fifth order: CheUmm, 


Ute skdetoa of E^^knor^mik its amphicceliaa ymrtetom mk abdoatoml ^eraam m 
toe oae haad, aad its highly deyeloped osseous shall aad aactete apophy^ d toe r^ 
cm toe other — ^jmeseate a strain combinatioa of elemeats of high aad low ot^aimMem | 
mid tois is toe amie dgaificmit m this peealkx aaim^ occurs la a 
remmrkabk for toe low aad scaaty deydopmeat d Eeptiiiaa life, fl^ New ^mkmA 
d ^ pr^^t pmod is tohaMted by cMy a feir (about aiae) Maaft impedes ^to» 
peditaa imd ^daks aad hf a stogie s^edm of ftc^; md it is pr^^le 

this saali list will be c^nmderaMy toraea^ by ftituie r^^rdies. Wito mmm 
M^oe may we look forwmd to discoveries of remams of extiad d wMdi cme 
oidj, toe Flmommm d OwBir, is kacma at ; toit 

to^ be of sadi a aatare as to aliird a bett^ iasi^t kto toe 1^^ d 
wtMd toe toymtoc^^liaa t^ itodhm* they wBl shew ^ EiMmimmmdim 
toae wd to oaly r^ei^tative, imd SThtom* 0iAmm be k^Niw 
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Explanation op Fioubes. 

ELATE XXVI 

Figs, 1“7. Skull. In 6g. 3 the temporal and zygomatic arches are removed to show the 
dde of the ba^ of tiie skull. 

a. Exoccipital. 

b. Alisphenoid- 
e. Stapes. 

d. Paroccipital. 

e. Posterior hypapophysis of basisphenoid. 

f. Anterior hypapophysis of basisphenoid. 
ff. Parietal. 

h. Mastoid. 

i. Prefrontal. 

k. Lacrymal. 

l. Postfrontal. 

m. Os quadrato-jugale of Stannius. 

Figs. 8-15, Dentition. 

Fig. 8. Front view of the intermaxillary teeth of a very old example. 

Fig. 9. The same of an example of less age, or of one in which the teeth had not been 
used for some time. 

Fig. 10. Front view of the intermaxillary teeth of a young example. 

Fig. 11. Lateral view of the dentition of the same example. 

Fig. 12. Lateral view of the dentition of an adult Uromdstyw hardwicMi. 

Fig. 13. Front view of the same. i. Intermaxillary, n. Nasal opening, m. Dental 
process of mandible. 

Fig. 14. Front view of the anterior teeth of a young TJromastyx hardmckii. 

Fig. 15. Front view of the anterior teeth of an adult TJromastyx s^inipes. 

Fig. 16. Tongue and trachea, the latter slit open behind the larynx. 

.. a. Anterior cartilage. 

h. Posterior cartiU^e ; its tuberosity for insertion of the dilatator-musde. 
€. Musculus dilatator glottidis. 

PLATE XXVII. 

Fig. 17. First nine vertebrae. Development of hsemapophysis into uncinate process. 
a. Sternum witli lateral slit for articulation with coracoid. 
h, Epistemum. 
e. Oiavide. 

d. Htemapophysis fii^ sternal rib. 

e, e\ Hypapophy^. 

WcmrriL 4 Q 


n. Zygomatic. 

0. Os quadratum. 

p. Columella. 

q. Vomer. 

r. Pterygoid. 

s. Palatine, 

t. Ectopterygoid, 

u. Dentary. 

0 . Splenial. 
w. Articular. 

X. Coronoid. 
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Mg. 18, Frost view of ^istropheas. 

Fig. It. view of the same. 

Fig. 20, Inimr view of the middle portion of the abdomiml stemnm. 

m. Anomalous joint between central and lateral pi^jes of ahdomimd rib, 
h. Intermediate (floating) abdominal rib, 

c. Dilated lower piece of hsemapophysis. 

Mg. 21. The five anterior caudal vertebrae, lower view. a. Hsemapophysis. 

Fig. 22. Vertical action of three dorsal vertebrae. 

Mg. 23. Vertical section of four (7th to 10th) caudal vertebrae, a. Epiphysddi line 
passing through the middle of centrum. 

Fig. 24. I^lated rib of 17th vertebra. 

a. Upper (dorsal) haemapophysial piece. 
h. Lower (ventral) haemapophysial piece. 

e. Eight half of abdominal rib. 

Fig. 25. Separate view of scapula and coracoid. 

d. Cartilaginous ; and e, osseous portion of coracoid. 

f. Cartilaginous ; and osseous portion of scapula 
h. Acromial tuberosity. 

Fig. 26. Sternum with abdominal ribs. Bones of the shoulder in their natural position. 

a. Sternum, k Epistemum. c. Clavicle, dr-hy as in fig. 25. 

Fig. 27. Lateral ; and fig. 28, lower view of pelvis. 
a. The two sacral vertebrae. 
k Os ilium. 

c. Uncinate process of os pubis. 

d. Tuberositas ischii. 

Fig. 29. Vent with the reticulated openings of the paired anal gland. A scalpel is 
introduced on one side to press the gland outwards. 

Fig. 30. Vertical; and fig. 31, transverse section of the anal gland (3 X natural dze). 

«. Vacuity behind external opening. 
k An unusually broad septum. 

PLATE XXVIII. 

Pig. 32. Muscles of ventral region, 

a. Muscuius pectoralis major. 
k Part of outer layer of muscuius obliquus extemus. 

€. Subcutaneous fibrous ti^ue. 

d. Muscuius rectus. 

e. Ninth ; and dy eleventh abdominal rib with (K)rresponding h^mspophyses. 

f. Abdominal fascia. 

g. Three of the transverse series of ventral |dates. 
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F%. SS, later^ mtisdes of teak (tke I^tissimas dom is removed), 
a. Loagissimas dorm coaflaent with Sacrolambaris. 

h. Small mamiles for the spiaes of the dorsal crest. ' 

€. Obliqaas exteraas; cf. outer layer; c". middle layer. 

i. Hiader portioa of pectoralis major, partly iatercalated betweea the outer 

aad aiiddle layers of obliqaas exteraas. 
e~~h. A portioa of the obliqaas exteraas has beea removed to show : — 

e. Uppmr aaterior angle of the dilated costal hasmapophysis. 

/. Mamialas iatercostalis. 

Muscle connecting the bodies of two costal hsemapophyses. 

h. Masde connecting the body of a hamapophysis with the upper posterior 

angle of the succeeding haemapophysis. 

i, i. Uncinate processes of the ribs. 

Fig. 34. Muscles of hind limb. The hind limb is drawn forwards, showing its posterior 
side. 

a. Extensor femoris caudalis. o'. Continuation of the same with additional 
fascicles from ligament d. a". Long tendon of the same muscle. 
h. Part of the great Flexor cruris (Semimembranosus and Semitendinosus). 

c. Slender portion of the great Flexor cruris (Biceps). The two latter mus 

cles are drawn downwards, the margins of c and h being collateral, 

d. Transverse ligament between tuber ischii (r) and root of tail 

e. Terminal portion of Musculus gracilis. 

f. Adductor-branch of the great Flexor cruris. 

g. Musculus diacus intemus. Its origin, covered by the M. rectus (/). 

h. Musculus agitator caudse. 

i. Principal head of the Extensor cruris (M. rectus). 

k. Ghistrocnemius. 

l. Soleus. 

m. Nervus cruralis. 

n. Trochanter-region of femur. 

" 0 . Anal gland. 

jp. Musculus peronmus longus. 
g, Musculus tibialis anticus, 
r. Tuber im;hii. 
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On the mi BuecmUm qf the Teeth in the Mnrs^aMa. 

WmMM HsmT Fwwm, EM.S., F.B.C,8,, &c., Cormrmtor ef tU Mmmm of the 
Mofei CeUege ef Stargeons^cf England, 

Bec«ive^ April 17, — ^Eead May 9, 1867. 

^THOxrfiH tile dentition of adnlt individuals of the animals which constitute tiie 
remarkable order, or, rather, subclass Marsupialia, has been repeatedly subjected to 
examination, and described with exhaustive minuteness of detail, it is a san|^lar drcum- 
stmtce that most of those pmdiarities of the sua^ession of their teeth which distinguish 
them from other mammals appear hitherto to have escaped observation. 

Frofe^or Owen has, indeed, established the fact that those posterior teeth of each 
side of each jaw which have no demduous predecessor are, as a general rule, four in 
number, instead of three, as in most placental mammals*, and has further contributed 
some important observations upon the later stages of the dentition of one fiimily, the 
MacrctpoMim^, 

Beyond this, I have not been able to find miy information upon the subject Indeed 
it is remarked by the author just mentioned, that “ an interesting field of observation still 
remains open in regard to the period and order of development of the deciduous and 
permanent teeth, in the different carnivorous, omnivorous, insectivorous, and firugivorous 
marsupials.*’ 

*^0 supply this blank is the object of the present communication. Fortunately the 
matmals contained in the Museum of the Royal College of Surgeons, if not quite so 
complete as might be desired, are amply sufficient to illustrate the main aspects of tire 
question, and to fiimish a result as interesting as it was unexpected. 

Family Maceopodid.(E. 

From mmiy observations upon the ^rly dentition of the Kangaroos (genus 
I will only s^eet fmr description ^rtain well-marked stages, which are suffidmit to 
iUu^rate the succ^^i^ steps of tiie process. 

1, Urn dbjwt of tim ffiest otwermtion which needs recording vras a marsupial foetus of 
a of unc^tida but probably belonging to am of tiie larger forms, 

to mitir© leagth w^ 6*§ m^m, of which the head occupied 1*4 inch, and tiie tmi 
% IGhe surfem wi« deititube of hair, the mmgixm of the Mps were adhmreoftt 

In aad the m&m completely dosed. 

♦ ** 0^1^ cf a duaiftSetilm d fe Tr«Bs. JSoti. Soc. roL ii, pp. 316-^^ (1^). 

t te Aa#. ad WkfM, Jut. ** Mm, Ooll. Barh«, 
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^ 'm m mi mmmmm Am ■ 

^ so Ixac^ of tiffiMo #01^^ ^ ^os. 

mm t^sat ^i^oti!^ tibe dLvooli mxB m Ml&m (Fb^ ^XOL %. I):**** 

1ft tte pm tie eapale of the Hw^cMf was m 

ikmiag diitmod^ the IbrM t3i ^ke <€ ^Mwm bdbiii 

ifi^ %«n|iU Ottprak ooi^ibiu^ the a^^nd Fordicaf bad[ 

wofte eftf^ilai ^mtaining disdnct pol^ of two i^oth of tibe Xftdbur i^dkiy hi^f^ ^@t 
diowlsg no of calcification. In the lower jaw a large procumbent indbor, 
an indi long and partially calcified, occupied the anterior portion of fite mmm. 
Above and behind this were the uncalcified pulps of two molars ; as in the upper |mif , 
the i^cond was contiderably larger than the first. Although these pul{^ wme very so^ 
they dtowed diste^tly ^ fc^mi the summit of the crown of the litu^ tcmtii. Mo 
timth^rms f»mM be dete^;ed. 

% A mm advanced spedmmi of the same genus, in wMch tiie eyes imre open, m& 
^ Mps ^>ax«dod backwards to their normal ext^t, mes^ired from mmssle to mid df 
tail 11 inches, of which the hmd oceupied 2‘6 inches, and the tail 5 inches. Mo t^b 
Imd protruded through the gum, but the region of the up]^ incisors inosented a bul- 
bous prcnmnemie ; tibe apices of the low^ inca^s were almost viable through the thin 
oovming mmnbrane, and promineim©i on th& alveolar borders indicated the situation in 
which nmkr teeth were shortiy about to brm^ through th^ sapei^cial investments. 

On dissection (Plate XXIX. %. 2), in the upper jaw, the crowns of the first two inci- 
som were frmnd to be advance in calmfication, the firert; more forward than the second. 
Both ^esmated the choractedsticfc^ and also siise of the eittremity of these teeth in an 
t^idt animal. Hie pulp of the third mckm* occupied a (^psule placed in the premaxillary 
bime at ^me chstance from the alveolar margin. It represented only the extreme sum- 
mit of the tooth, and was not calcified. Behind the premaxillary suture was a minute 
ecsftieal calcted canme. B^dnd this the calcified germs of the te^ of tiie molar ^ries. 
Ttam were thr^ in mimber, the first having the form pe^liar to the pFemotars of tiie 
l^u% Crmapreased, and narrower in front than b^iital; the second {(xdoured in 
the figure), which wss the frirthest advanced both in potition in the idveoius imd in 
developmmt, had the quadrate form and characteristic anterior and posterior traasver^ 
ridges of a tine molar. The third was also a true molar, but only the ti^ of the ctUE]^ 
wm tc^ltified. Imine^tely i^ve antmior part of tiie ^co^ was lo^^ n imaE 
i^uuddl i^^yde (cdbmed Idae in the %«ieX ^ yelbadtii imlour, j^i^y diisltite^ 
thmigh not more than inch in diameter. 

M ibs mniiMe, the i^ge procumbmitiiimsor, correipm^^ m tmm tii ^e 

mmm ^ IbAA a£ ^ i^olt anhmid, was calcified to the lei^h of ^ hftih* '^e 
of ttee ^mle^ 8 d miwns, correspondi^ m gi^ni 
n^^iyk, i#* havi^ fibe finm n^p^tively of a pens^r tm tPio 

they were mther more advance in their growth. The <rfa. was 

Ue; and the ihm cf the j^Mind tooth nod to fibeontmr 

of the hntefy a t^q»»lar f mm mmskr ti) Ih^ obi^rvod m to 

S. In the neat stf^e of dmitition, the crowns of the first and i^cmd upper 
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6^ Ite iK^r Ht ^mm M 

m iirta&aed m its »|r#ol»su i^i^ hm ^ 

w&i»t ii^ m iMs wmm mmmsi^ sMl, It wmf ttfii 
^0 mimnm of tho mm mm m ]^mm m k^lk. ^i, md 1^ 
mam^M <rf tbo mm m hvd wiik tbe slvfoli«* #p of 1^ lowor 

^0iib*®tia€ai5»^ 3nio|^jrw#of rww te^ <rf ware Jiot 

^oMpL 

4, Ito a AalJ, i miSm long, b^^aigmg to a groat Kfx^mtm [Mmv^ m^), w^ 
b«lilj akist h$U grown (Plate X XIX fig. $% %ke first and nppor mmmm ma k 
pk^, tfie tiM Just j^peanng beyond Hie alveolar niaii^ ; ^ tmm of 4Iio owke 
its «>cket have di^ppeared. The lower incisor jnojecte | iupjh bey<M^ fbe front §i 
the mandible. The three anterior teeth of the molar series described above, viz. one pre- 
molar and two molars, are in place mjd ha \m in both jaws. The crown of a posterior 
molar is just visible in its socket. The crown of the single reserve too^ in eich jaw l» OESn* 
pletdiy calcified, and shows the compressed character of a pneimdar, havp^ two cusps 
behiad and one in front It is a sKgh% larger tooth than the premolar which is in piacf. 

The remmning changes in the dentition of the great Kangaroo have been deaoibed ao 
frilly by ftofe^or OwBN that it is unnecessary to follow them here in detail, l^ey 
amount, howervex, to ^ia-^the gradual evolution of the reserve prem^r tooth in each 
jaw, which displaces the first tooth having the charaetm- a true molar ; Ifre ponc^nni- 
taut shedding of the first premolar ; mwJ the subsequent shedding of the second or reserve 
premolar, followed ultimately by the loss of the two antmim* true molars. 

The forcing observations on the earlier sta^ ei the derdppment of the te^ ei 
Ma&r&pus are not in accordance witih the descriptwm k* Professor OiTO, whmh runs 
thus. “ The deciduom dmitition of the great Kangaroo (Jlfenropiw im^) is i, 

0. 1=1=18. The canines are rudimental, and are absorbed mth^sr timn «hed* 

The deddttous inchors are shed before the young ammal finally ^qiiik the pou^ ; when 
tMs tekes place, frie denririon is % dm. ^=1^ the upper incism^s b^sg i. h 
molars d. 3, and d. 4 of the typical dmititimi”*. 

I have not been idde to find any trace of dedducms hufisms in any of Ma- 

mfws oLamimid, and I do not think that if they had advanced to the stage, in 

ahMi Jdoam ^ term “shed” would he applicnhle to thchr disa^WWW* Aey cKmW 
have esc^p^ Panther, the anal^ with othm: marscpial pi^smitly 

to he drown, me greater owfidmce In the hehsaf that k, at ^jpatsas 

the mmma^ an^xEui^yodmrt 

I am also not di^oi^ to ^^d the first tooth of the molar as 
mmM lybe ^idmms mcteanf ^’tyfaml diphi^ofhmt dgnthlw ; hpt tee funofr 
wikte tkk mds wiE Ji^ar e^r an awdnaritmnf dre dmtelaaepi^mr In 0 %^ 
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m#k of the 4^, oajf ia 1^ if ^ 

of 1^ ftifflaolMrs and tlie loa^ m ^warter p®«^a3iee ^ Ae 

we may ooncliide tiidr de^lopamt fcAm^ mme lal^ 
a^ aa I Iia^ been able to nsake MIf bear ont ikmt^mhdsm. 

ferine bawe;?^, o^^iar in ttie order of tiie evolntion of tbe teetii 
fli^ m j^^^pgmmsy tbe r^arre prempkr is rdativdy lat^ in lu^mxi^ Ms pe^fen 
in tbe jaw iban mMaeropua, bdng still in germ, at least in some i|»emes{^H8^X^X 
%. 4), after Ibe last permanent molar is in pkce and vm. 11ns pro^iMy baa 
to tbe extamndinary size of this tooth, and the length of time coi^^nently r^nfiei im 
its de^ojonent. Moreover this tooth, as well as the anterior true molars, fare not «mi- 
mcmly lost dnrii^ the lifetime of the animal as in the great Kangawm. 

Family PHALAimisTin^. 

Phakmgista mljdna. 

1. A marsupial fcetns, nearly destitute of hair. Entire length 8 inches, pf which the 
head occupied 1*7, and the tail 3-5. Eyelids open. Lateral margins of the lips not ad- 
herent (see Plate XXEK. fig. 5). 

There were no teeth above the gums in either jaw ; but the prominent apices of the 
first and second upper incisors, the lower incisors, and the two anterior teeth of the molar 
series raised the overlying mucous membrane. 

On dissection, the crowns of the three upper incisors were found to be calcified, and 
corresponding in form and rize to those of tbe adult animal. The conical crown of the 
canine was calcified, but lay deep in the alveolus. The large temporary molar (coloured 
red) and the first second true molars had also solid crowns. Above the former was a 

slightly caldfied germ of the reserve premolar (coloured blue). The ^psule of the third 
true motor was distinct. In the lower jaw, the large procumbent incisor was half an 
inch in lei^h. An extremely minute canine, with its apex calcified, toy cl(^e to the 
alveolar border ; the molar series resembled those of the maxilla in their development, 
but the germ of the reserve premotor was still a soft papilla. 

2. An older ^j^men, wdl covered with hair, measured from the nose to the end of the 

tail 13*5 inches, of which the head occupied 2T and the tail 6. In the upper jaw (Pl^ 
XXIX, fig. 6), the apices of the first and second incisors protruded through the gum ; 
did the cus{m of two motor teeth (the temporary and the first permanent molar). In the 
maadible, the broad, flat, cutting extremity of the incisor projected about inch beycmd 

the membrane ; the rudimentary canine was also seen, and the of two melto 
as in the toaxllla. 

On di^^^oB the appearances found resembled those de^bai in ire to^ ; 

but all the teeth were in a more advanced conditicm of derelopnaot. Ihe crowntuf 
both reserve premoiars and of the third true molar were largely (toldfied. Mo 
the fourth true motor couM be detected. Between the canine and tibte 
was a small conic^ garm of one of the radimeatal premctom. 
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^ « ^peemm ^ tMs with that of an a4uM ^mal, 
m as to ill ia the int^mediate stages. The (hm^ 

plam li*<»ilf €ie ^hstitatioa of the reserve premolar for the tempoiarf 
the i^mptete evdatloa of the other teeth, indadkig often a ^cond radii 
hmM p^oiar^* 

f^5^fe‘^e^-^The ifedl of the youngest Koala that I have been able to examine is 
3 in that of the adult being 6. In this the permanent incisors and canines 

are in pli^, ^ongh not quite m prominent as in the adult. The single permmiettt pr^ 
molar, ^d tlm first and second true molars are also in place, and the geims of the 
i^^ning two molars are calcified. We may infer from this, diat if the p'anolar 
i^places a temporary molar, which according to analogy with the alHed genus Fk^ 
ianpsta, and, as will be shown, with all other marsupials the succession of whose teeth 
is known, is most probable, this must take place at a very early age. 

• Family Peramelid.®. 

I have not had an opportunity of observing the earlier stages of dentition in any mem- 
ber of this family, but when the animal is not quite full grown, the teeth are in the con- 
dition shown in Plate XXX. fig. 1. The permanent incisors, canines, and two anterior 
premolars are in place. Behind these in each jaw is a very minute, rather compressed 
tuberculated tooth, succeeded posteriorly by the true molars of the permanent series. 
In the alveolus above this minute tooth, which is the temporary or deciduous molar, is 
lodged the germ of the posterior peimanent premolar, a tooth having a large compressed, 
pointed triangular crown, with small anterior and posterior basal tubercles, ^en in situ 
in the figure of the adult dentition, Plate XXX. fig. 2, coloured blue. 

In an immature specimen of Choeropus the dentition is exactly in the same stage as 
shown in the Ferameles (Plate XXX. %. 1), but the temporary molar is of still smaller 
relative dimensions. 


Family Didelphid^. 

In a yoimg Opossum of one of the largea species (probably IHdelphys mrgimana\ 
which n^asured 7*5 inches long, the tail being 2*25 and the hesd 1*75, the extreme 
points of the inmsom, cmnines, premolars, and first molars had just pierced the gum. The 
state of development of these teeth is shown in Plate XXX. fig. 3 ; the incisors, canines, 
«d fint two premArs corresponded exactly with those of the adult animal. The suc- 
^^^Bg tooth abo^ and bdow, which in the adult is a compre^ed triangular premolar, 
was hmre a low-crowned, broad tooth, bristling with cusps like the true molars. Beneath 
it, in Ibwer jaw only, a minu^ yellow capsule of a succe^onal tooth was fotmd. 

In a hidf-poWtt ¥irginkn Opc^um the incisors, canines, and first two premolars were 
frSy de^c^edj Imt more together in the jaws than in the adult (see Hate 

• I Mv® cwmina^ otfierrations tf tte examination of a lai^ series of sknUs of Fhalangers of 
mMm ages m the I«sy4»t 



i^w^ti^ pQ^ crowns <if 

%e 1^ aivai^^ tkas ike Ioipi^^ mi^ 

m#i€r ^)^crlf I 0 ^ too^ it wm k» ^ Mie &m 

ci tke mmm of Aa®e revive teelk was quite di#®reat tkm i»te^im piii» 
e^ms^ in &et tkat ^ tl^ tkird p^olars of ike aiult "X^M^ %• 

mc^iaxB imd b^un to tsko tkeir place in tlie ^w, ^ ui ^e maffift 
&ia* m saa^He cm mch aide, ha^rii^ thdr caowi^ mlcdied. &6^t l^ie wm^ 
a^te no ^mm of r^nre or succesdonal teeth yme men, * 

We tia^m iud m this Ammican iKioily Mftrsupkds {mecisdy ^ mm fex?sdm^m 
^ ec^^sdcm of the teeth as noticed in t}]^ Austrahim oo^eiaau 1 bme h^i wmM 
to V€^ observati^s upcm se^eial oth^ Boemb^ oi the geum, beii^ umhle to 
recondle them with ike figure gi^m by Professor OwEjr of the lower jaw of a 
w^th two reserve premolar teeth, below the crowns of teeth, which, though showing the 
triangular pointed form of the permanent premokrs, are indicated as the n|olfir teeth of 
the dedduous series*. 


Family DAsyuMOiE. 

Genus Thylaeinm, — In a youi^ female Thylacine, T©ry scantily covered with hair, 
and the entire length of which was 13 inches, the head being 2'8 and the tail 4, the 
gums were entirely edentulous (see Plate XXX. fig. 6). There was no appearance even 
of teeth raising the mucous membrane, except a small sharp prominence rather behind 
the middle of each alveolar border. On raising the membrane this was seen to be 
caused by a small tooth which was just elevated above the level of the bone This 
tooth is the deciduous or temporary molar (coloured red in the figure). In the upper 
jaw it had a trihedral obtusely pointed crown inch in length fi^om before backwards, 
&t externally, and having an angle projecting inwards. The fang is absmit, bemg 
eitiier not developed or absorbed ; the corresponding tooth of the mandible is sl%htiy 
mailer and more compressed, 4d«) lootlc^. The crowns of thei^ teeth, by thmr 
' har&^^ and whiteness, ccmtrast with those next to be described, whi^ imve all a 
brown ccdour, and me evidently the germs of the persistent Stnh as mm 

caldfi^ correspond pr^sely m size md fmrm with those of the 
me <x>ns^uentiy much crowded in the jaw. 

In tiie u^p^ jaw tiie fotu* indsors have their crowns caldfi^ ; aai 

Ik tfuparfirii^y, nmiy concealing the fiiri; and third. The apex dT thei^uate k 
to the ^t^ of m(h. The apices of the crowns oi tim 

That of the titird (cefioured blue) k le^ Aevdoped in froportiiM lo iU 4ze; 

ik ap^ k mid mthar in hmt of tiie xmnt^ tedigE. 

the&atimilaris ^ pricaldfied, thatiof the mra^ioalemimki^ 

<muld not he re<»^^i^. 

* die Okadifi^ikm as4 Cke^ir^hi^ I>kxitai!ai ^ ^ 
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fti tibi IbM ^ memd 

fsaysko be obsemi bi tbe ef Ib^ Mb 
In tbe a4i4t w^md , . Tbe amm is deefdy |4ao^ in tbe boite, its crown 
mxmiM fim ^ cnu^ m&e by third indscrr and fir^ paesidtof . Tht third p^e* 

wukm m In ^e mai^ble, its apex k nemrly in <^bkct with the inn^ 

€i 1km \mm of tbe rodhn^tary temporary molar. %e crown of the fimt molar is 
c^dfied, of tbe second and third {mrtidly so ; no i^rm of the fourth 
eonMl^ tmmL 

abofe daMbed is one of the most interesting mid instmcMTe in the 
wh^ sarM It would be dedrable to ^mmine tbe tedh of some number of the dlied 
g^i^ Ba^mm at a oorrespcmding age, but of this 1 have as yet had no o^ortunity. 

Family Phascoiximyid^. 

1 Imve placed this family at the end of the series, only because it is the one upon the 
d^Mtimi oi which there is tlm least satisfactory information. 

In a young Wombat {PhmcolomyB vombatm) 11 inches in length, tbe of the 
incisors, and of the premolars and first two molar teeth, were just appearing through 
the gums. The extent to which caldfication had taken place in these teeth and the 
third molar is diown in Plate XXX. fig. 7. A trace of the germ of tbe fourth molar 
was discemibla There were no vestiges of successional teeth. 

It is stated of this gmius by Professor Owen that “ the incisors and the first molar 
tooth me shed when the animal is young ; the latter is superseded by the premolar 
tooth” *. Without further evidence, the statement as to the first may well be questioned, 
for even in the Kodents it has never been shown that the scalprifonn incisors have deci- 
duous predecessors •, while, mi the othm hand, the analogy with the remaining marsupial 
Emilies fully bems out the second. No details as to the mode or period at which this 
change occurs are given. It remains, therefore, for those who have opportunities of 
eimroming young Wombats at various ages to ascertain whether the fir^ tooth d the 
molfU mim dbtown in the %ure has already replaced, or is about to be r^bced by 
miotimr. Jud^ifig from its characters, which resemble those of the so-cmlled ^ piemolar’* 
oi the Mtdt JM>t one of the tme molars, I have very little hesitation to pototoig to 
tbe former mnjectnre as tbe one most likely to prove cmrect. 

From tbe fox^ia^ observations, embracing members of of tbe fix natural 
fimkim of the Mmmpialia, it, may be safely concluded that the animals of this order 
p^B^t a ^cmlimr conditom of dmtal succe^on, uniform throughout the order, and 
dh^toot irom that of idl other juusmato 

Tttia pambarity may Im briefly expressed. The teeth of Miyrsu^k do not 
^rrieidl^ dupki^ and succ^ otiimr Mb, wibh tbe exception of a stogto tootii m each 
ridb of jaw. Ihe tooth to wMcb a vertical succesrion takes ptooe is ^waya tbe 





»'4to«idN%9W befeg the hWefioii^ ef ^ jBteffltelte irMA 
it Ihy m b^lisg tibe character^ m<m m lest ttowagly esLpfesi^ of a fcr^ 

mekr^. . ” : ’ ' ' 

C^^a^A^^iAie ^feeacas ot^ar in the vaiii^s geaem at to the rela^re <^ the 
woial's Me whidi the fall of the ^mporary mtto s»d &e etdl^iaa ai ^ 
hi some, as E^psipfyimmy it is one of in 

aM pfoWbly Ekmcolomys, one of the earlier phenomena ^ 4en^ 

Farther observaticnis on this point as opportunities Occur wiU he intere^]^. 

As before stat^, I r^ard tibe first tooth of the molar series of the young 
as one of the piem<dars of the permanent series, and not (like the tc»th ph^^ intee* 
diat^y behind it in the first stage of dentition) as a molar of the dmdnoas or ndlk« 
series. It is in fact the homologue of the penultimate premolar of Fhaim^uta^ 
Perameles^ Eidelphys, Sc. The drcumstance of its being shed at a comparatively ^rly 
period is in relation to the general conditions which, in this genus, cause the early lorn 
of all the teeth between the incisor and true molar series, including the canine, and even 
the suceessional premolar. In H^dprfmnus a still more potent reason prevails for its 
early removal, in the immense size of the suceessional premolar, which requires so much 
more space than is occupied by its diminutive actual predecessor. 

It has been usual to divide the class Mammalia, in regard to the mode of formation 
and succession of their teeth, into two groups — the Mom^hyodmU, or those that gene- 
rate a single of teeth, and the Eiphyodonts, or tho^ that generate two sets of 
teeth; but even in the most typical diphyodonts the suceessional process does not 
extend to the whole of the teeth, always stopping short of those situated most poste- 
riorly in each series. 

The Marsupials ooeupy an intermediate position, presenting, as it were, a rudimentary 
diphyodont ^ndition, the suceessional process being confined to a single tooth on each 
side of each jaw. This position is, however, by no means without analogy mnong the 
mamnmls of the pla<^ntal series. In the Dugong, and in the existing Elephmits, 
suceessional prof^s is limited to the incisor teeth. It is questionable whether the fimt 
premolar of many ef those animals whidi have four teeth of this grdup, as the 
and Hog (mmidible), ever has a deciduous predecessor, at all events so fiur «i 

to have r^kdied the calcified stage. 

The closest analogy with the maisupial mode of succession is found amtmg the 
Rodents. Here the meisors appear to have no deciduous predei^^rs ; mad in 
Bearer, Porcupine, and others, which have bnt font teeth of the mohir t . thr^ 
true molars aM me pmmolar, the latter is, exactly as in the Marsup^ fibe only toofe 
which succei^ a demduons tooth. The analogy, howgrer, no leng^r hk^ds in 
Roteto which have more than one premolmr, as the Hare and l^^hit; for la ttdi ow 
<mch of th^ tetii has its deciduous p^^jeasor. ^ 

* Ihe sosTmteui betweeo. false melaie er premolais mid true stolu% w wdl - p o fff . 

el the e»»w&, m file m all Mknupuds. 
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; fe. A# I tor© lijiei ^i© t^rm “ fmnmmmi ” for tho^ wMeli 

m vm ttoouftout ^ ^atoil’s life, or, if ttoy Ml ont (as with the mdita^tery 
mid premolars of tto Mmr(j^odid€B\ do sot gite pki^ to sscce^iosal ^th, 
fto Itoi^ thm^^foj^ assumed that the milk or taroporaiy destition of the typical diphy- 
ode^ mmumals is r^resmited is the Marsupials only by the dmduous molars. 

It may to held, on the other hand, that the torge majority of the teeth of the Marsu- 
pals are ^e homolt^es of the milk- or first teeth of the diphyodonts, and that it is the 
pmmanmit or second dentition which is so feebly represented by the four succe^onal 
te^h. Ihis idew is supported by many general analogies in animal organmtion and 
dev^opmeut, such as the fact that the permanent state of organs of lower animals often 
i^reseats the festal or transitional condition of the same parts in beings of higher 
organization. 

Looking only to the period of development of the different teeth in some of the mar- 
impial genera, we might certainly to dispe^ed to place the successional premolar in a 
lories by it^lf, although, indeed, all its morphological characters point out its eongruity 
with the row of teeth among which it ultimately takes its place, the reverse being 
the case with its predecessor.. 

It is, however, almost impossible, after examining the teeth of the young Thylacine 
(Plate XXX. fig. 6), to resist the conclusion originally suggested. The unbroken series 
of incisors, canines, premolars, and anterior true molars of nearly the same phase of deve- 
lopment, with posterior molars gradually add«i as age advances, form a striking contrast 
to the temporary molars, so rudimental in size and transient in duration. I can scarcely 
doubt but that the true molars of this animal would be identified by every one as homo- 
Ic^ous with the true molars of the diphyodonts, which are generally regarded as belonging 
to tlie permanent series, although they never have deciduous predecessors. Now, if the 
homology between the true molars of the Thylacine and those of a Dog, for instance, to 
granted, and if the anterior teeth (incisors, canines, and premolara) of the Thyladne be 
of the ^me series as its own trae molars, they must also be homologous with the corre- 
sponding pmmanent teeth of the Dog. 

It may to objected to this argument, that the true molars of the diphyodonts, not being 
^cc^riomd teeth, ought to to regarded as members of the first or milk-series ; but, in 
trul^, the fact ihat they have themselves no predecessors does not make them serially 
homologous with the predecessors of the other teeth, while their morphological charac- 
ai well m their habitual persistence throughout life, range them with the second 
or ^manent ^ri^. 

We tove toen m long a^us^nned to look upon the second set of teeth as an after 
ds^^opment os derivative tto first, that it appears aime^t paradoximl to surest 
itol Ae milk or dedduous t^^ may ratiier be a set superadded to supply the tempo- 
mi^ i^ds mammals of more tximplex dmiM oi^nlration. But it should to remem- 
tto^ iit^^ of there being imy such relation totween the permanent and milk- 
Itot expre^d by the ^aas “ pre^peny ” and “ p^mit” sometime applied to 
wmxmfiL 4 s 
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them*, they are both (if all reomtres^orches into their ^^ly development can be trusted) 
formed ®de by side from independent portions of the primitive dental groove, and may 
rather be compared to twin brothers, one of which, destined for early functional activity, 
proceeds rapidly in its development, while the other makes little progress until the time 
approaches when it is called upon to take the place of its more precocious lomm tmmm. 

Many facts appear to point to the milk-teeth as being the less constant and important 
of the two sets developed in dipbyodont dentition. Among these the most striking is 
the frequent occurrence of this set in a rudimentary and functionless, or, as it were, 
partially developed state. The milk-premolars of some Rodents (as the Guinea-pig), shed 
while the animal is in utero^ the simple structure and evanescent nature of the milk- 
teeth of the Bats, In^tivores, and Seals, the diminutive first incisors of the Dugongs 
and Elephants, all appear to be cases in point. 

On the other hand, examples of the commencing or sketching out, as it were, of the 
successors to a well-formed, regular, and functional first set of teeth are rarely, if ever, 
met with. Occasional instances of the habitual early decadence, or, perhaps, absence of 
some of the second or so-called permanent teeth occur in certain animals ; but these oxt 
rather examples of the disappearance or suppression of organs of which there is no need 
in the economy, and chiefly occur in isolated and highly modified members of groups in 
the other members of which the same phenomenon does not take place, as the Chdromys 
among the Lemurs, Trichecm among the Seals, and the recent Elephants (as regards the 
premolars) among the Proboscideans. They form no parallel to the cases mentioned 
above of the rudimentary formation of an entire series of teeth of the temporary or 
milk-set. 

To return to the Marsupials : — If this view be correct, I should be quite prepared to 
find, in phases of development earlier than those yet examined, some traces either of 
the papillary, follicular, or saccular stages of milk-predecessors to other of the teeth 
besides those determinate four in which, for some unexplained reason, they arrive at a 
more hiatnre growth f. Such proof as this would alone decide the truth of these specu- 
lations ; and I have not at present either the requisite leisure or materials for following 
out so delioite an investigation. I trust that the facts already elicited are sufficiently 
novel and important to justify my bringing them, as they now stand, before the Society. 

* Cydop. Anat. and Phys. Art. “ Teeth,” vol. ir. p. 901. 

t It nmy be remaned that the milk-tooth whiefc alone is developed in the Marsupials (waresponds homdo- 
gi^dly with that which, as a general rule, is most persistent in the typical diphyodonts, indnduig Mim, viz. the 
p(»terior mfik-molar, replaced by the posterior permanent premolar. 
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Pc^TSCEiPT, Octoifer 1867. 

Sia^ the foregoing was sent to the Society I have met with the following observation 
in WAOT^iOUSE’s ‘ Natural History of the Mammalia/ vol ii., Rodentia, 1848, p. 4, foot- 
note : — “ I have sought in vain for deciduom incisors in young Marswpialia ; if they ecdst 
they mmt be shed at a very early period in these animals.’' This important statement 
app^ra to have pass^ quite unnoticed by all subsequent writers. 

Bubmsiisteb, in his “ Erlauterungen zur Fauna Brasiliens ” (1856), at p. 59, has given 
a somewhat detailed account of the supposed “ milk dentition” of the South American 
Opossuma He describes the teeth of young animals (corresponding in age to that 
shown at Plate XXX. fig. 4), taking it for granted that they are changed as in ordinary 
mammals. 


Descbiption of the Plates. 

The figures are all of the natural size, and drawn from specimens in the Museum of 
the Royal College of Surgeons. The teeth which give place to vertical successors are 
coloured red ; the replacing teeth are blue. Those teeth which neither succeed, nor are 
succeeded by others, are uncoloured. 

PLATE XXIX. 

Figs. 1, 2 & 3. Different stages of the dentition of Macropus, described at pp. 632 & 633. 
Fig. 4. Hypsiprymnus murinus. To show all the true molars in place before the evolu- 
tion of the permanent premolar. 

Figs. 6 & 6. Two stages of the dentition of Phalangista vulpina, described at p. 634. 

PLATE XXX. 

Fig. 1. Immature dentition of Peranieles fasdata. 

Fig. 2. Adult dentition of the same animal. 

Figs. 3 & 4. Two stages of immature dentition of Didelphys, described at pp. 635 & 636. 
Fig. 5. Adult dentition of Didelphys virginiana, for comparison with the above. 

Fig. 6. ^^trly condition of dentition of Thylacinus cynocephalus. The germ of the first 
upper indsor is concealed by that of the second. 

Hg, 7. Dmitition of young Phmcolomys vomJbatm. The premolar is coloured blue, in 
accordance with the conjecture expressed in the description at p. 637, although 
no absolute proof that it replaces another tooth has been given. 
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h The admirable classification of the Zoantharia by MM. Milnb-Edwasus imd Jules 
HA iikfE*, although very elaborate and natuml, presents several very decided “ brealra” in 
the continuity of the generic succession. The great distinction between the important 
families of the Turbimlidce and Astrceidwf renders the classification rather more arti- 
ficial than it really is ; and at first sight this classification may appear not very practical, 
on account of there being several genera which either cannot be placed at all or are 
arranged provisionally amongst certain divisions or families. 

'Pbe objects of this communication are to describe the species of a genus which unites 
the family of the Twrbinolidm to that of the Astroddae^ to describe some very peculiar 
Heterophyllice &nd Battersbyiw and to classify them, and to remove the genus 
firom the family of the Fungidm into that of the CyatJu^hyllidm, 

2. The genus Heterophyllia was established by M^Coy, who described two spemes of 
it fiom the Carboniferons limestone of Berbyshire. He was so ^ruck with the anato- 
mical peculiarities of the species that he had no hesitation in asserting that they were 
totally unlike those of any other recent or fossil group. 

MM, MiLNi-EmrABDs and Jules Haime placed the genus amongst the “ incertse 

Several s^dmens fiom the Carboniferous beds of Ayrshire, Fifeshire, Lanarkshire, and 
have iatety been found to contaia no less than six weH marked specie of the 
^mm Metm^hyUm; and some of thmi are more paradoxical in their anatomy tintn 
l^og© di^rarihed by M‘Coy. StiM the generic peculiarities are strongly marked in tH 

gmm may now be admits to contain the following species, 

* CumlMdimi 1860. t Brit. Fow. Conds, 2ad smm, p. 34, 18^, pi 1. 
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<3®^ ®rasoFHIiaaJ^ 

4«*Biil.BM. vol iii. p. 126; Mt Fatec^ Bm 

1 . M*Ccf . 

2* 0tmi^ M^Coy. 

3, ff^cMUs^ sp. BOV. 

4. grmuk^ ip. mov. 

g. mgul&tay sp. aov, 

g. M}Coyii nov. 

7. l^sUi^ sp. BOV. 

g. SedgmcM, sp. aov. 

Hio new q>eci^ come from hi^y fossiliferous beds whicb are very low dowa m ^ 
Oirbom£^^s series. 

Hie generic diagnosis of M‘Cov is as follows ; and it is proposed to modify it d%bilfy 
ato* tbe description of the new species. 

Oiar.-*-^^Stem elongate, snbcylindrical, irregulariy fluted longitudinally; Am* 
zmiai ^eUori, few distinct lameEsB, destitute of any order of arrangement, but irr^Ur 
latfly branching and coalescing in thmr i»s®age from the solid esctemal wdds toward 
som^ltuleflnite pmnt near the centre where the few mmn lamellse irr^larly anasto* 
mose ; iserUml s^Mm, dbowii^ about the ndddle an ini^^ularly fleatuous line (the edge of 
olse or two of the radiating vertical lameliae), from whUdi on ^db side a row of ^lin, 
8%moidally carved plat^ extends obliquely upwards and outwards, framlz^ a 
of large ihomboidal cells on eadi side.” 

Amirding to the terminology now used, the stem is the cmrallum, the flutii^ are 
^[^c^ the lamellsB are septa, and the carved and oblique plates me ^do* 

Desmption of the Species, 

1. OEAJrnia*, M‘Cby. 

Hie co^um is tall and s%htly flmraous. Hie cost® are few in nmnbcr, and pm* 
as tege polygcmd unequal ri%es. Hie intercostal me mxi site 

^p as well as ungual. Hie hmi^nM section has on irr^ulmfy 
H® mxhm of the coiaUum is ^ooflb. Hie septe are vmy frn^pdm In mul 

nmnber. Hie diametm* of stem Is Sre lines. 

Hte is an u^ommon fb«m m ^ Monutamdin^mi® cf 

2. SMEiOpaiMiiii 0B3f Af A, M"Ooy, 

Hm m subcylMriod, loi^* ai^ Actuous. Hie c<^ mm 

ffiad are with smdl and ro^^fcd tubmcdes. Hie ocw|» me 

nambm. Ihe intmcostal sjpcsm are flbt, mfL are rator wite ton to coste. 

♦ ^sm^cms «rf w© so i» to 
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of corallum is finely granule. The sepfai are fourteen in number. The 
of the corallum is about H line. * 

^pmes is found with grmdis. 

i. ^iAophtlua GRAHtiiATA, sp, nov. Plate XXXI. figs. 1 «-l d. 

Tie corallum is long, slightly flexuous, and more or less cylindrical ; it is rendered 
irr^fular in shape from alternate constrictions and swellings of the wall. The costa are 
numerous, flexuous, rounded, unequal, and coriaceous ; they bifurcate and project but 
sightly. The intercostal spaces are grooved, shallow, narrow, and wavy: they are 
narrower than the costae. The horizontal section is nearly circular. The surface of the 
coi-allum is finely granulated. The septa are nineteen in number, thin, and often 
unite, to form five principal sets. The diameter of the corallum is inch at the 
sweBings and -j% inch at the constrictions. 

In the Carboniferous series of Fifeshire. 

4. Hetebophylua akgulata, sp. nov. Plate XXXI. %8. 2 «-2 d. 

The corallum is long, flexuous, and rather angular in its transverse outline. The 
costae are numerous, unequal, projecting, close, faintly granular, and coriaceous ; they 
are usually eighteen in number, are rather shaq) at the free edge, and smaller there 
than at their base. The intercostal spaces are unequal, concave, rather deep, narrow^ 
and coriaceous. The horizontal section of the corallum is angular and irregular. The 
surface of the corallum is finely granular. The septa are seventeen in number, thirteen 
large and four small ; they are arranged in five groups : the largest septa are nearly 
straight, and one is solitary and larger than the others. The smaU septa reach aud become 
united to those nearest to them. The longest septa are joined by a lamina which 
stretches across the axial space*. The eudotheca is very abundant, and stretches across 
the interseptal spaces, the concavity being outwards. The wall is thin and partly com- 
posed of very close endothecal cells. There is some vesicular endotheca. The diameter 
is inch. 

The species is found in the Carbonifm'ous strata of Brockiey, I^esmahagow, Ijanarkshire. 

6, Hetebophyllia M‘Coyi, sp. nov. Plate XXXL figs. S «-3 c . 

The corallum is tall, nearly straight, and is hexagonal in its transverse outline. The 
cost® are small, projecting, rounded, six in number, without ornamentation, and are 
grooved here and there. The intercostal spaces are very wide, shallow, slightly concave, 
nearly equal, and are marked occasionally with faint linear and festoon-shaped depres- 
sions. The horizontal section shows the waU to be stout and hexagonal ; it is concave 
b^tw^n the angles. The sur&ce of the corallum is smooth. There are six septa, which 
imite centmlly to a linear septal columella. The endotheca is verj" abundant. The 
of corallum is ^ inch. 

The species is found in the Carboniferous strata of Brockiey, Lesmahagow, Lanftrkshiie. 

* fbe Aasteay <jf Bckremkyma, Brit. Foss. Corals, 2nd series, pt. 1, P. M. Daacan, Pal. Soc. 1866. 

4t2^ 
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rte ctMfaUttm is very long, very siender, and is slightly bent The ees^ aie 
smooth, and iroandM; they project and are marked with occa^nal tnher<te^ pit% jiaJ 
^ooTes. The intercostal spaces are wide, shallow, and equal ; they are si%htdy ^^aeai%' ^ 
and are marked with festoon-shaped ridges or lines. The horizontal action o# 
coxaHum is hexagonal in outline ; the wall is stout and thick, and only Tery dfightly 
CommTe between the costae. The surface of the corallum is smooth and plain. There 
are six septa, which are united by a linear septal columella. The endotheca is tolerably 
abundant. The diameter of the corallum is inch or less. 

In the Carboniferous limestone of Craigenglen, Stirling, and Brockley, Lesmahagow, 
Lanarkshire. 

7. Heteeophtllia mieabtlis, sp. nov. Plate XXXI. figs. 5 c^-6 h. 

The corallum is tall, very slender, and nearly straight. The costae are narrow, rounded, 
smooth, and slightly projecting; they have tubercles at regular and frequent intervals. 
These tubercles are rounded and oblique, and project slightly. To each of them is ard- 
cuiated a curved hook-shaped process, which stands out from the costa and the tubercle, 
its concavity being directed inwards and downwards. The intercostal spaces are shallow, 
wide, and usually slightly convex, but occasionally concave ; they are marked with three 
longitudinal delicate shallow grooves with very slightly rounded longitudinal eminences 
between them. A groove is central. The horizontal section of the corallum is nearly 
circular ; there are projections which correspond with the costae ; and the wall is mode- 
rately thick. The surface of the corallum is smooth. There are six septa, which are 
united by a linear septal columella. The endotheca is scanty, and the dissepiments are 
wide apart. The diameter of the corallum is rather more than inch. 

Prom the Carboniferous limestone of Craigenglen and Brockley. 

8. Heteeophtllia Sedgwicki, sp. nov. Plate XXXI. figs. 6 a~(5 e. 

The corallum is tall, thin, and very fiexuous, except near the calice, where it becomes 
straight. The costae are numerous, small, very slightly projecting, rounded, unequal, 
distant, and fiexuous ; they are grooved, and vary in number, eighteen or nineteen being 
the maximum. The intercostal spaces are shallow, rather wide (but occadonaUy narrow), 
slightly convex, and grooved longitudinally ; and the appearance of false costse is thus pro- 
duced. The horizontal section of the corallum is nearly circular in outline ; the wall is 
thin, and the costae project very slightly. The surface near to the calicular end is coriat 
ceous, and over the rest of the coiallum it is smooth. The septa are twenty in number. 
There are ten large and ten small septa in the calice. In sections there are eighteen or 
ninetem very irregular septa ; all the larger radiate to the centre. The calice is regular, 
and there is a small columella (a septal). The reproduction is partly by gemmation 
around the calice at the end of the stem-like corallum. The buds have many septa. 
The endotheca is very abundant, and the wall is thin. The diameter of the ooridluia 
is from to ^ inch ; and the calicular end, with its buds, measures in diameto 

In the C^boniferous limestone of BrocMey, Lesmahagow, I^aarksMre. 
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‘*T^ of 

*0®^ of the Paleozoic ferma. 
sept^ arrangement of tome of the apecies, and the presence of onfe septnm 
^ ^ the others m certam forma, are rugose pecnUarities; but the scanty and 
suable dissepimental endotheca is Tery differential. ^ 

In n^roMlis the endotheca is very sparingly seen, and it exists in the 

Wnf -Tf "r^’" oloae more or 

SrW They do not close in the whole of the visceral, axM. and 

tioTrfl^r t“ ^ ““1 ‘•‘oy ”0 not tabul® in the strict accepta- 

simi It t b !™' T *’*^'*^* 'hssepiments are closer, and, although curved, 

^ula e tahute. True vesicular endotheca is rare, hut it exists in most of the^ecimens. 

In fh ^ *'^^^** ^ lamellar columella 

J the ep^imen of &terop^gaio SedgmcH, whose calice is preserved, the formation of 
^ septal columeUa can be seen. The coste, so variable in their structure, afford admi- 
r^le specific distmct.ons; and those of B. miroHlis ai-e totally unlike any othem fom 
madreporanan femily. The septa, irregular in number in some speLs, are then 

rather numerous; but when they are regular in their arrangement they never number 
more tiian six. 

^ The^pedes may be distinguished by comparing the specimens with the Mowing 


Heteroj^hyllia grandis . 

omata .... 

granulata . . . 


I^elU , . 


mraUlis . . , 



I Costae few, large, as polygonal ridges. 

[Septa very irregular in number. 

^ fCostae 16 in number, narrow with round tubercles. 
[Septa 14 in number. 

fCostas numerous, flexuous, rounded, bifurcate, granulax. 
[Septa 19 in number, grouped in 5 series, 
r Costae projecting, sharp, unequal. 

[Septa 17 in number, in 5 series and 1 large septum, 
f Costae 6 in number, small, rounded, grooved. 

[Septa 6 in number. 

f Costae large, smooth, rounded, projecting, tuberculate. 

I Septa 6 in number. 

(Cost* narrow, rounded, tuberculate and spined. 

I Septa 6 in number. 

f Costae 18 in number, distant, flexuous, small, grooved. 
[Septa 18 to 20 in number. 


The gams maybe subdivided into a group with numerous septa and a grmqiwith six 
In the first iohdivision the type is feintly, and in the second the hexameral 
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arraagm^t is well ob^wed. The dease wall ^d the di^pimeatal ^detheca |KCie?e 
that the type of the mesozoic coral-feuna was foreshowcu 

The geaetie characteristics may be admitted to be as follows 

Genus EeteropJiyllia^ M‘Coy. 

The corailum is simple, long, and slender. The gemmation takes place around the 
cahcular margin, and is extracalicular. The septa axe either uregulax in number and 
arrangement, or else are six in number and regular. The costee are well deyeloped, 
and may be tubercular, spined, and flexuous. The wall is thick, there is no epithec^ 
and the endotheca is di^pimentaL 

The position of HeterophylUa in the classification of the Madreporaria will be more 
easily comprehended after the following examination of the genus Sattershyia, 

3. Genus Battersbtia. 

The genus Battersbyia was founded by MM. Milne-Ed wards and Jules ELaime in 
order to include a very anomalous species which is yery plentiful in the Devonian lime- 
stones of Torquay. 

Since that species was described I have discovered two others, whose anatomy renders 
the generic determination of MM. Milne-Ed wards and Jules Haime capable of some 
extension, and the position of the genus in the classification of the Madreporaria more 
decided. The great French zoophytologists at first considered the species Batter ^yia 
mmqualh so anomalous as to form the type of a new division of fossil corals ; but sub- 
sequently they classified it amongst the Mille^oridce, but evidently only provisionally. 
The study of the new species proves that the genus cannot be retained amongst the 
Milleporidce, and that the first suggestion of MM. Milne-Edwards and J ules Haime 
was correct. 

The reproduction of Battersbyia can be studied in the new specimens, and its peculiar 
character, and the evident absence of a coenenchyma around the corallites, prove that the 
so-called coenenchyma of Battersbyia incegualis is of stromatoparoas origin and is parasitic. 

“ Genus Battersbyia, Milne-Edwards and Jules Haime*. 

“ The corallum is massive, and the gemmation is lateral. The walls are thick. The 
septa are small but well developed. The ‘ planchers’ are vesicular. The coenmichyma 
is very lax and spongy.” 

1. Battersbyia imqualis, Ed. and H.* 

The corallum is massive ; the corallites are very unequal, they have thick but non-cos- 
tulate walls. The calices are circular. The septa are readily seen, but they are small 
and unequal. They are twenty six in number in the laigest calices. The “planchers” 
are vesicular and fill up the visceral chamber. The coenmichyma is -scanty and ^ongy. 

* Monogr. des Polyp, dee ten. Palaeoz. 1851, p, 151. 

t Hist. Hat. Coiall. ¥ol. iii. p. 244, 3Srit Posa. Corals^ Pah 8oc. p, 213. 47, %. 2. 
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Ift. 21 S). Bkni tibe t»& aaid to be soiaewbat oa^mil ia me 
^ ii^ar titaek towai^s tibe mB, bat ymy tbia mwardly, Tbe diameter i€ Ibe 
m^Mie ib p rcmamac^ to be abo?e 1| line- 

I- BAKfiliBm eiAifDis, sp. nov. Plate XXXII. figs, 1 65-1 d. 

Ilie e<Mflnni is in fesciculate masses; and the corallites are taH and very close in 
^mae parte of it imd rather distant in others ; they are very unequal in size. ITie cdices 
are wantmg; but transverse sections prove the corallites to be generally {irctilar in 
outline ; but they are often deformed, oval, and elliptical. The outline of the larger 
corallite is rendered irregular by the pressure of the growing buds ; and where the wall 
of ^e bud and tiiat of the parent coraUite touch, one is often absorbed. The wafl is 
dmi^ mid not costulated, but it is thin in comparison with the diameter of the lai^est 
corallites. The septa are very thin, are alternately long and short, and are oftmi wavy 
or curved; they spring from the wall by wide wedge-shaped processes, and none of them 
reach the centre of the calice. The septa vary in number ; in the smallest corallites 
there is a confused tissue formed of vesicular endotheca, and a few rudimentary septa ; 
in other coraUites, and as they increase in length, there are 12 to 16, 36 to 40, 46 to 52 
septa. The wedge-shaped origins of the septa are equal in perfect coraUites ; and the 
axial space varies in diameter. The endotheca is greatly developed ; it is often as stout 
as the septa, and it ^rms a ^ries of smaU vesicles placed one over the other, and side by 
side in the interlocular space. Each interseptal loculus contains many vesicles, so that 
a transverse section which cuts across the vesicles presents a series of concentric lines. 
There are no horizontal tabulae, nor do the vesicles cut off all below them on the same 
plane. There is no columella, and its space is occupied by a vesicular endotheca- 
There is no (xenenchyma. The diameter of the largest corallites is | inch, and of the 
smallast, with 12 to 16 septa, inch. The height of the corallites is several inchm 
Locality, Devonian limestones, Torquay. 

8. BAffE^BTiA umMAirs, sp. nov. Ptate XXXII. %s. 2 65-2 d. 

The mralium is fasciculate, and the corallites are taU, very close and crowded ; they 
are v©ry imequal in size. The waU is thm, and not always double when two corallites 
impmge, but iu the buds aud young coraUites it is very thick ; in transverse outline 
ttae waU is oral, cfreular, and even polygonal. The septa are very thin,* wavy, and arise 
from smaU wedge-shaped proce^^; the septa are alternately very long and short, and 
vary in number. In the hugest (»lices there are thirty4wo, and in the smaUest 
thera are rix. The endotiieca is h%hiy developed ; tlm vesicles are smaU, and their 
1^®e m titeiier thsm tibe is^^. The budding is of two kinds — 1. From the waUs of 
©Me buds have ^her five septa or more ; and in the first instmice buddii^ 
1#^ as feilowa % tibe interseptal spaces, so that five buds arise fecan 
ktod hud who^ septa are not more than six in number. Tim ^ta and the 
iwE ^dope othmr and thus a v^ rapid bmidi^ is 



6S0 MB. P. MABHSr BOTClH OK TSM GBSMi SKtlMPMllXU, 

completed. When the first kind of bud bas more than five septa the faulting oorafiite 
grows like the parent. Diameter of {X)Tallites from inch to J inch. 

Lo<mHty. Teignmouth. Devonian limestones. 

The generic characters of BaMershyia may be altered in con^uence of the spedfie 
charactmstics of the new forms : — 

Corallum fasciculate and branching. Corallites tall, c^^lindrical, unequal in size and 
distance. Septa numerous and following no apparent cyclical order. 

Endotheca very abundant ; it is vesicular, and there are no tabulae. Epitheca, eoste, 
and coenenchyma wanting. The wall is stout ; and the septa spring from we<%e-shaped 
processes. The columellary space is occupied by vesicular endotheca. Gemmation 
extracalicular, and calicular from buds having only five septa. 

Being satisfied that there is no coenenchyma in Battershyia grandis mid BoMefshgia 
gemmam^ and that it is simulated in Bcfttershyia incequalis^ Ed. & H., by an investing 
and incrusting Stromatopora, the removal of the genus from the Milleporidw, where it 
had been placed somewhat provisionally by MM. Milne-Edwaeds and Jules BlAIME, is 
absolutely necessary. 

The corallum in every species is fasciculate ; and the unequal size of the corallites is 
determined by the method of gemmation. In the case of Battershyia gemmans the dif- 
ference in the size of the corallites is excessive ; and it is very probable that its peculiar 
gemmation is witnessed in the other species. The buds which deyplope more than five 
septa appear to grow into corallites, which are destined to bud again from the external 
wall ; and the buds which develope five septa soon produce other buds from their inter- 
septal loculi, the buds thus developed resembling the multiseptate corallites. This 
curious alternation of gemmation has not been observed in any other genus ; but it is 
remarkable that the Heterophyllioe with six septa should be related to Heterojphyllim 
with numerous septa. 

The genera EeterophylUa and Battershyia have much in common. They have a stout 
wall, a vesicular and dissepimental endotheca, delicate septa, very irregular in their 
number, and neither tabulsB, epitheca, nor a quaternary septal arrangement. The genus 
Battershyia has nothing to ally it to the Bugosa ; and Heterophyllia has in some of its 
species the solitary large septum or a vacancy where a septum should be, which is so 
often observed in the Cyathophyllidw. Its costae and endotheca connect the genus with 
the mesozoic and recent Astroddce; and that this family, unrepresented in palaeozoic 
strata, is foreshadowed by the genera now under consideration is very evident. 

The costae of Heterophyllia mirabilis are the most extraordinary ever recorded, and 
they are unlike those of any other species of coral. 

, There is nothing unusual in the irregular septal development of BeMer^^fia; for it k 
noticed in the Liassic fasciculate Astrmdce; and whilst this genus points to the genera 
Pentaecmm, Calanwphyllia, and Thecosmilia, Heterophyllia may be likened, faintly it 
is true, to Bhahdophyllia. 

It would appear necessary to associate the genera Battershyia and Hetere^hyllm 
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together ia a divisioa of the Astrcdd^e, and to place it near the above-mentioned meso- 
zoic genera under the name of Falastrmacem. 

4. Genus Pal^ocyclus*. Plate XXXII. figs. 6 ^^-6 ' 

This genus of Silurian corals has hitherto been regarded as belonging to the Fungidoe^ 
and as the only representative of that great family in the palaeozoic rocks. It is rather 
anomalous that a number of species of a highly organized coral genus should be found 
in the Silurian rocks of Dudley. Wenlock, and of Gothland, and that not a species of any 
other genus of the family of the Fmgidce should have been found in the Devonian or in 
the Carboniferous and Permian strata. The doubt whether Palmcyclus could belong 
to the Fu^gidce was rendered more worthy of consideration by the discovery in the 
Australian tertiaries of a simple fungoid coral which had all the generic attributes of 
the Palaeozoic genusf . 

Careful sections of specimens of Palceocgclus ggoirpita^ Linnseus, sp., and Palceocyclus 
rugoms, Milne-Edwards and Jules Haime, were made, and it became evident that, 
although the external characteristics of the corals were those of the simple Fungidw^ the 
internal structure was analogous to that of the Palaeozoic family of the Cyathojghyllidce, 

The generic diagnosis of Palmcyclus is as follows. 

The corallite is simple, short, and in general discoid, it is free and subpedicellate. 
The wall is covered with a complete epitheca. The calice is circular, and has a w^ell- 
marked central fossa. The columella is rudimentary. The septa are moderately nume- 
rous, stout, straight, slightly exsert, and free internally. They are granular laterally, 
and dentate superiorly. 

In order to admit the genus into the family of the Fungidce^ the septa of all its species 
must have synapticulae upon them, and the corallites should not possess cuiwed dissepi- 
ments or tabulae. 

Transverse and longitudinal sections of Palmcyclus jgorpita and Palceocyclus rugosus 
were prepared, and the absence of synapticulae was proved, as was also the presence of 
an inclined dissepimental endotheca at the sides, and of tabulee in the centre of the 
corallites. 

The taller the specimen the more niunerous were the tabulae, and the uppermost of 
them formed the base of the septal fossa. In the discoidal species no tabulae could be 
distinguished, but there w^ere some marked rugose peculiarities and no synapticulae. 
The septa of Palceocyclus are ornamented laterally with ascending rows of granules or 
blunt dentations. When the septa are worn from above downwards, these ornamenta- 
tions stand out on either side of the laminae and give the appearance of synapticulae. 
Transverse sections through the corallites show the adhesion of the dissepiments to the 
septa ; but the cross-bar-like appearance is produced by the section passing through a 

* Milne-Edwards et Jtties Haime, Compt. Eend. de TAcad. des Sc. t. xsix. p, 71, 1S49. HrsixarR’s C^ch- 
lifes, 

t Aee. and Mag. of Kat. Hist. Sept. 1864, plate vi. fig. 2. 

MUCCCLXVIl. 4 U 
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dissepiment. In the longitudinal sections the ohli< 3 mt 5 r of the dissepiments is eem, and 
it explains the appearance in the transverse view. The dissepiments are numercms and 
curved, and they unite with the central tabulae. There is no columella in the species. 
The septa of some of the specimens of the discoidal species are not of the same size on 
both halves of the calices, and very often one septum is longer than the othm^ The 
cyclical arrangement of the septa in six or in four ^sterns is never distinguishable. It 
must be remembered that the discoidal species may be in some instances (for there are 
several new discoidal species) the young of the taller and tabulate corallites. 

The removal of the gtmus Palwocydus from the family of the Fungidm is neces^uy, 
and it is very evident that the species classified under it belong to two divisions of the 
family CmthophylUdae. The Cyathopkyllidw with large tabulse and short septa have 
been separated from the genus Cyathophyllum^ whose species have the septa passing to 
the axis of the corallum, and have been arranged under the genus Cam])ophyllum^ Ed. 
et H. ; but it is too specific a distinction to be of generic value. It is therefore proposed 
to place all the species of Falmcyclus in the genus Cyuthoiyhjllim^ which, like the genus 
MontUmltia, now possesses simple corallites of every form. 

The genus Palmocychis may therefore be abolished altogether, and its species will he 
named as follows : — 

1. CyathoiyhjUum porpita, LinnsBus, sp. 

2. pr(eacidtis^ Lonsdale, sp. 

3. Fletclien, Ed. et H., sp. 

4. Pdwardsi, the nigosvs of Ed. et H. 

5. Genus Asteeosmilia. 

Whilst investigating the fossil corals of the Nivaje shale ^ of San Domingo, my atten- 
tion was strongly attracted by the very unusual combination of structural elements 
presented by a species named Trockocyathus abnormalis, nobis. Mr. Lonsdale had 
noticed the peculiarities of the specimens in his manuscript notes, and had profwsed to 
include the species in a new genus. 

Lately other specimens have been examined, and the necessity of forming a new 
generic division which will include these species has become evident. 

The new genus unites the great families Turhinolidee and Asty'ceidoe, between which a 
great break had existed previously. It allies the Trochocyuthi^ Placocyatk% and the 
Pataeyathi with the simple Troschosmiliacm^ and contains simple corals with endothecal 
structures, columellcs, and pali. 

The correct position of the new genus Asterosmilia will be comprehended after the 
study of the characteristics of the families it allies. 

The Madreporana aporom are divided into two great groups. In the first, which 
includes the great family of the Turlniwlidae^ the interseptal loculi, and the visceral 
cavities, generally speaking, are open from the base to the calice ; and in the last, which 
Foss. Corals of the Indies, Free. Geol. Soc. 1863. 
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includes amongst others the family of the AstrmdeB, the interseptal loculi and visceral 
cavities are not open from the base to the calice, but are more or less completely shut 
off from below upwards by endothecal dissepiments. 

This endotheca is absent in the Turhinolidw^ although it is very faintly foreshadowed 
in the well-known Paracyathi of the London clay, and it is invariably present in the 
Ajdrmidm. There are two divisions amongst the Turhinolidce : in one the septa reach 
inwards from the wall and have no appendages between their inner ends and the colu- 
mella; and in the other these appendages or pali ahvays exist before certain definite 
septa. The first division, the Tufbmolinm^ has, then, neither pali nor endotheca ; and the 
second division, the Carijophyllimp^ has pali but no endotheca. 

The second great group of the Madrejyoraria has endothecal structures but no prli. 

The new genus Asterosmlia has species wdiich possess pali and endotheca. 

Endothecal dissepiments are secreted by tlic innermost of the tissues which line the 
visceral cavity of recent corals ; and the portion of the corallum shut off by the for- 
mation of the dissepiment is no longer filled with any of the soft parts, but is dead to 
all intents and purposes. As the coral grows in height, these dissepiments ai'e formed, 
so that the soft tissues are really restricted to a space a very little lower than the calice. 
Where there are no dissepiments the -visceral ca-vity reaches to the base of the corallum. 

The pali are structures wdiich spring from the base of the corallum, are secreted by 
the soft tissues, and determine the existence of a row of tentacles betw’een the mouth 
and the innermost of the rows of the tentacles of the septal part of the disk. 

The corals contained in the TurhuiolidfB are simple and not aggregate. The species 
of the new genus are simple ; and it is interesting to observe that the form of the coral- 
lites closely resembles that of the elongate Trochocyathi, The position of Asterosm’dki 
in the classificatory scale is betwTeii the TurUnolidm and the simple Astrmdcp. 

Besenytion of the Species. 

1. Asteeos.wilia iVAOMAUV, Duncan. Plate XXXII. figs. 8 a-o d. 

Trochocyathus abnormalis, Proc. Geol. Soc. 18G3, p. 2G. 

2. Asteeosmilia coexuta, sp. iiov. Plate XXXIx. fig. 4. 

The corallum resembles Asterosmilia anomala in shape, but is often longer. The costa? 
are wnvy and are slightly prominent, especially those of the principal septa. There arc 
crests inferiorly. The endotheca is abundant. Height of corallum 1 J inch. 

Locality. Xivaje shale. In the collection of the Geological Societ;y^ 

3. Asteeosmilia exakata, sp. nov. Plate XXXII. fig. 5. 

The corallum is small, pedunculate, nearly straight, and it enlarges suddenly. All 
the costse are prominent and nearly equal. There are no crests. Height f inch. 

Locality. Nb aje shale. In the collection of the Geological Society. 

From the characteristics of the species the generic diagnosis may be thus given. 

Asterosmilia . — The corallum is simple, loug, and more or less corniite. The cotta? arc 

4 r 2 
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irregular in their development, and crests are occasionally pre^nt. The septa are 
numerous and exsert. The columella is more or less solid, essential, and compressed* 
Pali exist. The endothecal dissepiments are distinct, tolerably numerous, and are curved. 

The genus forms the link in the classificatory chain between the genera Placmnilia^ 
Paramnilia^ and Trochosmilia and the genera Placocyathus^ Paracyathm^ and Procho- 
cyathuB. As it cannot be correctly associated either with the TurUnoHdw or the 
chomdliacew, it must be included in a new division — ^the Asterosmiliacew, 

6. It has been attempted to prove the necessity of classifying the genem, the anatomy 
of whose species has been described in this communication, as follows. 

Eetei'ophyllia^ M‘Coy, must be associated with Battershyia^ Ed. et H., in a division of 
the Astrmidw — the Palastrwacew. 

The genus PalaeocycUis, Ed. et H., must be abolished and its species added to the 
genus Cyathophyllum, Goldfuss. 

The genus Asferosmilia^ nobis, forming the link between the simple Astroddce and the 
Turbinolidce^ should form the division Asterosmiliaceoe^ and should be placed between the 
TrocJiosmiliGe^ Placosmilioe, and Parasmilim and the Trochocyathi, Placocyathi, and 
Paracyathi. 

By the absorption of the genus PaJceocyclus a representative of the 161*11017 coral-fauna 
is removed from the Palaeozoic ; and by the separation of PatteTBhyia from the 
poridcB, and its association with Heterophyllia^ formerly a genus incertae sedis, in a division 
of the Astrceidce, two genera with mesozoic affinities are introduced into the Palaeozoic 
coral-faima. 

March 1867. 

On April 20, 1867, the author added the genus Pentaccenia to those allied to Batters- 
hyia, and corrected the description of the gemmation of Batfershyia geinmans. 


Explajtation op the Plates. 

PLATE XXXL 

Fig. 1 a. A portion of the corallum of Eet-erophyllia gramlata^ sp. nov. 

h. Magnided view of a transverse section, showing the septa and the wall. 
€. Magnified -siew of the granular costae. 

d. The wall magnified, with a septum and an endothecal dissepiment. 

e. The curved arrangement of the costae. 

Fig. 2 ( 2 . A portion of the corallum of Eeterophyllia angulata^ sp, nov. 
h. A transverse section : magnified. 

c. The wall, septa, and dissepiments: magnified, 

d, A loT^itudinal section showing the dissepiments : magnified. 
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Fig. 3 A portion of the corallum of Heterophyllia M^Coyi^ sp. nov. ; magnified. 

b. A transverse section : magnified. 

c. The wall, septa, and dissepiments : magnified. 

Fig. 4 A portion of the corallum of IleterojyJiyllia Lyelli, sp. nov. : magnified. 
h. A transverse section: magnified. 

e. A portion of the wall and some costae : magnified. 

Fig. 5 a. A portion of the corallum of Heterojphyllia mirahilis, sp. nov. : magnified. 
h. A transverse section : magnified. 

c. The costae without the spines : magnified. 

d. Side view of the costae with the spines : magnified. 

c. Magnified view of the process of the costae which supports a spine. 

f. The intercostal line : magnified. 

g. Longitudinal section : magnified. 

h. Eestoration of the corallum (diagram). 

Fig. 6 «. A portion of the upper part of the corallum of Eeterophyllia SedgivicM^ sp. nov. 
h. A transverse section : magnified. 

c. A magnified view of the upper part of a corallum. 

d. A longitudinal section : magnified. 

e. Magnified calice. 

PLATE XXXII. 

Fig. 1 a. A transverse section of part of the corallum of Battershyia grandis^ sp. nov : 
natural size. 

h. A corallite, magnified, transverse section. 

c. A young corallite, magnified, transverse section. 

d. A portion of a large corallite : magnified. 

Fig. %a. A transverse section of part of the corallum of Battershyia gemmmis^ sp. nov. 
5. A group of buds, transverse section : magnified. 

€. A bud commencing to develope five buds, each of which will resemble the 
original corallum or parent stock, transverse section ; magnified. 

d. Magnified view of a transverse section of a corallite, the result of one of a 

series of five buds. Such corallites produce buds like unto themselves, as 
well as others which develope five buds. 

Fig. 3 a. The corallum of Asterosmilia anomake, Duncan. 

L A corallum with the wall partially removed, showing the endothecal dissepi- 
ments, slightly magnified. 

e. A dissepiment : magnified. 

d. A view of a worn calice, showing the central columella, the pali attached to 
it, and the septa. 

Fig. 4. The corallum of Asterosmilia comuta, sp. nov. 
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Fig. 5. The comlltua of Askrosmlia es^arata, sp. no?. : slightly 
Fig. 6 a. Magnified view of the calice of a series of the ^nas Fuim^clus {€yatho> 
]^hyllum). 

h. Magnified ?iew of the septa: transverse section, showing the ab^nce of 
synapticalee. 

c. Magnified \iew of the dissepiments between the septa, 

d. A magnified longitudinal section of a discoid species. 

e. Magnified -^dew of a longitudinal section, showing tabulae and a vesicular 

endotheca, proving the genus to belong to the Cyuthophyllidm. 
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XXIL Mmmrekes into the Ckemdeal Comtitution of Warcotine, and of its Pmodkicts of 
Decomposition . — Part II. By A. Matthibssen, F.B.8., Lecturer on Chemistry in 
St, Mary's Hospital Medical School^ and G. C. Fostee, ^.A., Professor of Physics 
in University College^ London. 


Eeceived May 23, — Eead June 20, 1867. 


About four years ago we had the honour of communicating to the Eoyal Society a 
paper entitled Researches into the Chemical Constitution of Narcotine, and of its 
Products of Decomposition and we now desire to lay before the Society some results 
obtained in the further prosecution of the same inquiry. We are folly aware that our 
present communication is in many respects very incomplete, but as we have no prospect 
of being able to resume the investigation conjointly, we venture to present the results 
already obtained as they are. 

In the previous papei’ it was shown that narcotine and its principal derivatives, opianic 
acid, meconin, heinipinic acid, and cotarnine, are decomposed when heated with hydro- 
chloric acid or hydriodic acid into iodide or chloride of methyl, and one or more other 
products. With the exception, however, of those obtained from hemipinic acid and 
cotarnine these second products had not been examined : the present memoir relates 
principally to the further study of these reactions. 

1 . Action of Hydrochloric and Hydnodic Acids on Opianic Acid, 

When opianic acid is heated to 100° or 110° with three or four times its weight of 
strong hydrochloric acid, either in a sealed tube or in an open flask, under a layer of 
paraffin f for about twenty hours, or with about twice its weight of fuming hydriodic 
acid, and evaporated to dryness on a water-bath, chloride or iodide of methyl is produced, 
and at the same time a crystalline acid containing 

CJIgO,. 

The reaction may be represented by the equation 

C,, Hjo 0, 4 - H Cl C, Hg O, + C H 3 Cl. 

For reasons indicated in our former paper J, and more fully developed in the Journal 
of the Chemit^ Society §, we regard opianic acid as the dimethylized derivative of a 
* PMlcfflopliical Transactions, 1863, p. 345 ; for abstracts see Proc. Roy. Soc, vol. xi. p. 55, and vol. xii. p. 501. 
t ’When preparing a large qn^tity of tbis or any olher snbstance by the action of hydroebloric acid this 
method is very adTantageons, as there is no danger of loss by bursting as often happens with sealed tubes. In 
preparing a new base &om nareotine, whe^ we employed 200 gnan. at each operation, the saving of time and 
e:^ei«e hy using this methe^ was very great. 

f Philose^eal Trai»aetkms, 18^, p. 365. § Tol. xri. p. 342. 
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hitherto unknown normal opianic acid, 

between which and opianic acid itself the product aboTe-mentioned k exactly inter- 
mediate : 

Opianic acid . . • • • ^10 Hio Og 

New compound . . . . Cg Hg Og 

Normal opianic acid . . Cg Hg Og, 

For want of a better name we therefore propose to call the compound Cg Hg Og mo%o- 
nietk^l-normal opianic add^ or if the contraction is admissible, nwthyl-noropimic acid. 
Dried at 100° C. the substance gave the following results on analysis* : — 

I. 0*4486 grm. gave 0*9036 gnn, carbonic acid and 0*1694 grm. water. 

IL 0*4136 grm. gave 0*8365 grm. carbonic acid and 01 600 grm. water. 

III. 0*4435 grm. gave 0*8970 grm. carbonic acid and 0*1680 grm. water. 



Calcnlated. 

A 


Found. 


c, . . . . 

. 108 

65*10 

( 

I. 

54-94 

II. 

55*16 

III.' 

55*16 

Hs. . . . 

8 

4*08 

4*20 

4*29 

4*21 

o, . . . . 

. 80 

40*82 

— 

— 

— 

Cg Hg O 5 . . 

. 196 

100*00 





Methyl-noropianic acid crystallizes with 2^ molecules of water, which it gives up at 
100° C. 


I. 8*509 grms.f lost 1*548 grm. at 100° C. 

II. 9*422 grms. lost 1*772 grm. at 100° C. 

Calculated. Found. 


CgHsO,. . . . 

196 

81*33 

I. 

II. 

2iH,0 .... 

46 

18*67 

18*2 

18*8 

CjHgOj, 2iH2 0 

241 

100*00 




The crystallized acid, when heated, first melts in its water of crystallization, and then, 
as the water evaporates, solidifies to a white crystalline mass. Hence it appears that 
the acid dissolves in less than a quarter of its weight of hot water ; in cold water, how- 
ever, it is only sparingly soluble. It is easily soluble in alcohol, but ^most insoluble in 
ether. 

Like hypogallic acid it strikes a dark blue with perchloride of iron, but, on addition 

* All the combustions giTen in this paper were made with oxide of copper and oxygen, 
t For these and other like determinations the substance was first drained on filter-pap®r and fiien pr^ed , 
between two pieces of wood in a strong riee, the paper being renewed until it was no longer wetted. 
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of mammm in ex^s, a Hglit-red solnMoa is produced, whereas the hypogallic-acid 
hlnej^^iaes hlood-red with ammonia. 

T 0 det^mine the h^icity of the acid, the ammonium salt was precipitated hy nitrate 
of alver, which forms a gelatinous precipitate becoming crystalline on standing. It is 
soluble in hot water, from which it crystallizes on cooling. 

This salt, dried at 100° and heated to redness, gave the following results : — 

I. 0*521 gi*m. gave 0*185 grm. metallic silver. 

II. 0-549 grm. gave 0*196 grm. metallic silver. 

III. 0*544 grm. gave 0*194 grm. metallic diver. 


Calculated. 




Found. 



L 

11 . 

in? 


C,H ,05 . 

Ag ... 

. 195 
. 108 

64*36 

35*64 

35*51 

35*76 

35*66 

C^HjAgO, 

. 303 

100*00 





Salts I, and II. were made from the acid obtained from the action of hydrochloiic 
acid, and IIL from that obtained by the action of hydriodic acid. 

It therefore appears that methyl-noropianic acid is monobasic. The fact that opi- 
anic acid when heated with excess of strong caustic potash splits up into meconin and 
hemipinic acid, leads us to hope that methyl-noropianic acid would with the same reagent 
undergo a similar decomposition. It was, however, found that the acid remains unal- 
tered; for after treating it with strong caustic potash, a silver-salt was made, which 
yielded on ignition 35*5 per cent, silver, methyl-noropianate of silver requiring 35*64 
per cent. 

The reduction of opianic acid to meconin by the action of sodium-amalgam caused 
us to try this reagent on the new acid, but here again we could not produce the corre- 
sponding reduction. 

When methyl-noropianic acid is dissolved in cold water, and about a sixth of its volume 
of strong nitric acid added, an action immediately sets up, and the solution becomes 
dark from nitric oxide and afterwards again light, when a iiitro-acid crystallizes out. 
To prevent the action going on too far the solution must be kept cold. 

This new nitro-acid contains 

C,H;N0, = C9H,(N0.,)0,. 

We have called this add nitromethyl-noropianic acid. 

Dried' at 100*’ D. it gave the following results: — 

0*451 grm. gave 0*736 grm. carbonic acid and 0*127 grm. water. 


4 X 









CWcidiii0S. 

-- - ' 


c, ... . 

108 

44-81 

' “ mm. - 


M, ... . 

7 

2-90 

MS 


K . . . . 

14 

^*81 



0 , . . . . 

112 

46*48 

— 


a,HjNOy. . 

241 

100*00 

.. ^ 


Mtromethyl-noropianic add crystallizes with one 

molecule of water, which it lc»s 

100° a 





1*62 grm. lost 0*115 grm. at 100° 

C. 

Calculated. 

Found. 


. . . 

Ml 

93*05 

— 


HgO ..... 

18 

6-95 

7-09 


a,H7N0;,H2 0 . 

259 

10000 




2. Aetim of Hydrochloric and Hydriodic Adds m Mcconin. 

When meconin is treated with hydrochloric or hydriodic acid as above described in 
the (me oi opianic acid, it is resolved into chloride or iodide of methyl and a new com- 
pound containing 

C^Hg O4. 

The reaction which takes place is 

Cio 044-H a=C9 Hg 044-0 H3 a. 

This substance may be regarded as a monomethyiized derivative of a hypotiietical 
normal meconine, 

CgH« 04 , 

and we therefore propose to name it monomethyl-normal meconin^ or shorter, mdh^- 
mrmewnm. 

It gave the following results on analysis : — 

I. 0*4623 gnu, gave 1*0152 grm. carbcmic add and 0*1904 gnu. water, 
n. 0*4300 grm. gave *9105 grm. carbonic acid and 0T776 gnn. water. 

Calculated. Fouad. 


, A ^ 

I. n. 


C,. . . 

. . lOS 

60*00 

I. 

59*89 

n. 

59*65 

H,. . . 

. . 8 

4*44 

4*58 

4*5§ 

0 , . . . 

. . 64 

35*56 

— 




. . 180 

100*00 




Methyl-normeconin crystallizes without any w'^ater of crystallizati<m ; it is scdalde 
in cold, hut much more so in hot water ; it is e^dy soluble in alcohol, and sligMy so in 
ether. 

With p^diteide of iron it behaves exactly in the mmmer m 



i^gi^lie iwiS» It i^iic^ i^ilte of sii¥€sr ki #^0 eold^^so liiafc to determine its bamcity we 
ill btaam-^t, from tbe of which it ap^ars that this new acid is 

0*340 p.ve 0 * 11 S sulphate of bmium. 

CaicTilated. I'ouinJ. 

-• N 

^€^UJO ^) .... 358 72-32 

137 2768 27-50 

3. JMim of Hydroehlone and ffydrioddc Aeids on ffmmpimc Add. 

In onr former paper we have {p. 355) deirabed the action of hydriodic acid on hemi- 
pinic acid. We there stated that wh^i hemipiaic add is treated with hydriodic acid 
fdlowing reaction tak^ place: — 

Cio Hio Oe-h2H I=C 02+2 C H 3 1 + C, H, O, . 

Hie acid Hg O4 we called hypogallic acid. 

We also mentioned (p. 359) that when hemipinic acid is heated with strong hydro- 
chloric add, the reaction is 

Cio Hio Og+H C1==C O 2 +C H 3 Cl+Cg Hg O 4 . # 

The further investigation and analyses confirm this formula, 

^ 4 > 

fca: this add ; and as it contains one molecule of methyl more than hypogallic acid, and 
may be converted into that body by the prolonged action of hydrochloric acid, it may be 
called msthylrhypogallic add. 

One of the simplest modes of preparing this acid is to digest the hemipinic add with 
strong hydrochloric acid on a water-bath at 100'’ C. under a layer of paraffin for about 
three days. The purification of the acid is very simple, owing to its being almost inso* 
luble in cold and sparingly soluble in hot water, whence it crystallizes out on cooling 
in long transparent prisms. The crystals contain no water of crystallization, 

I. 0-4020 gnn. gave 0*8460 grm. carbonic acid and 0*1786 gnu, wata*. 

n. 0*5140 grm. gave 1*0700 grm. carbonic acid and 0*2276 grm. water. 


Caieulated. Foratd. 


q,. . . . 

. 96 

57*14 

. ^ 

I. 

57*39 

II. ' 
56*79 

Sg* * . - 

8 

4*76 

4*93 

4*92 

0 ,. . - . 

. 64 

38*10 

— 

— 

0 g Hg O 4 . 

. 168 

100 -lKl 




The haridty of the acid was determined by predpitating the ammcmium imit with 
of ffllver; the rilvef-^t is wMte, crystaline, rather insoluble in ^luhle 
in ho^ m*d de^maposes in hd®^ 

^t 5 i$ ^m. siMr-^t gave rilver. v ■» 

4x2 
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Mi 


, Calculated. JPoaild. 

, A 

C 8 H 7 O 4 167 60*73 

108 39*27 39*15 

C8H;Ag04 . . . 275 100-00 


Use properties of this acid are given in our former communication (p. 368). 

When methyl-hypogaUic acid is treated with dilute nitric acid (1 part ac^ to S ^ats 
water) and gently heated till the acid is dissolved, it is converted into a nitro-acid which 
separates out on cooling. Its composition was found to be 

^8 He ^2 ^8^ ^8 He (^^2)2 ^4 * 

I. 0*6760 grm. gave 0*7850 carbonic acid and 0*1216 grm. water. 

II. A nitrogen determination made by Liebig’s method gave the ratio of carbonic 
acid to nitrogen as 8 07 to 1. 

Calculated. Found, 


c, . . . . 

. 96 

37*21 

I. 

37*17 

n. 

H,. . . . 

6 

2*33 

2*35 

— 

N,. . . . 

. 28 

10-85 

— 

10-74 

0, . . . . 

. 128 

49*61 

— 

— 


. 258 

100*00 




This acid may be called dinitromethyl-hypogallic acid, as it contains (N 62)2 in place 

ofH2. 

It crystallizes with one molecule of water. 

2*133 grms. of the crystallized acid lost at 100° C. 0*138 grm. water. 


CalculateiL Found. 

A 

CoHfilS" Oo. ... 268 93*48 

.H2O ..... . 18 6*52 6*47 

C8H6N208,H20 . 276 100*00 


4. On the different crystalline Foirms of Hemffnic Acid. 

Whilst experimenting with hemipinic acid we found that this acid may crystallize in 
different forms. The crystals were found to contain different amounts of water ; thus 
(I.) when crystallized from a dilute solution by spontaneous evaporation, the crystels 
contain half a molecule of water ; (IL) when from a supersaturated solution, they contain 
one molecule ; and lastly, (III.) when crystallized in the ordinary way by cooling a hot 
solution, they contain two molecules. 

I. 11*281 grms, acid lost at 100° C, 0*448 grm. water. 

II. 3-130 grms. acid lost at 100° C. 0*230 grm. water. 

III. 7*646 grms. acid lost at 100° C, 1*0576 grm* water. 
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Oaioulated. Foimd. 

Water pbT cseat. Water ^ eeat. 

I CjoHioOg, HO. . . 3*83 3*97 

H. CioHioOg, Hgd . . 7*33 7*35 

III CjoHioOg, 2H^O . . 13*74 13*83 

Ie the following Table the acids &c. are tabulated which have been and probably 
may be prepared from opianic acid. 

Cjg Hjg O4 C20 Hjq O 5 Cj0 Hjq Og 

1. Bimetiiyl-normeccHiiii 2. Bimethyl-noropiamc acid 3. Bimetkyl-norhemipmic acid 
(ordinary meeonm). (ordinary opianic acid). (ordinary hemijdnie acid). 

CsHgOe 

4. Methyl-normeconin. 5. Methyl-noropianic acid. Metliyl-norheniipinic add. ’ 

CgHgOs 

Nonneconin. Noropianic acid. Korhemipinic add, 

Cg Hg O4 

6. Metliyl-hypogallic acid. 

C;H,0, 

7. Hypogallie add. 

Of the above, the following have been made, namely : — 

1 and 3. C^g Hjg O4 and Cjo Hjo Og by the action of potash on opianic acid ; thus, 

2 Cifl Hjq 05=Cjg Hjo 04-f-Cjg Hjo Og. 

4. Cg Hg O4 by the action of hydrochloric and hydriodic acids on meconin ; thus, 

Cio Hio O4 + H I=Cg Hg O4+C H3 1. 

5. Cg Hg O5 by the action of hydrochloric and hydriodic acids on opianic acid ,* thus, 

C20 H20 0,+H l=Cg Hg Og+C Hg 1. 

6. Cg Hg O4 by the action of hydrochloric on hemipinic acid ; thus, 

Cio H20 Og -hH a^Cg Hg O4+C H3 Cl+C o,. 

7. C; Hg O4 by the action of hydriodic acid on hemipinic acid ; thus, 

C,o H20 Og+2H I=C; Hg O4+ C O2+2 C Hg I. 

5. Action of Hydrochloric and Hydriodic Acids mi Harcofine. 

When narcotine is treated with strong hydrochloric acid for some time on a water- 
bath, in a flask under a layer of paraSin, a thick oily mass gradually separates out on 
codling, which on examination was found to be the chloride of a new base. The best 
method of preparing this base is as follows : — 

200 grms. narcotine are put into a large flask with 1000 cub. centims. strong hydro- 
chloric acid (the pure commercial acid), and are digested together on a water-bath 



mder a layer of at 100® C, Mach chloride of methyl is givea 0 I 4 and a thick 

^ oily mass se|mmtea <«it on cooling, mid when no farther quantity is formed the ruction 
may be consider^ finished*. ^ 

The reaction idiieh takes place may be written thus — 

O 7 + 2 H a=:C 2 o Hj 9 N O 7 + 2 C H^a. 

To purify the chloride, and to obtain the base from it, adranh^e is taken of the feet 
that it is comparatively insoluble in dilute hydrochloric acid, whereas in strong hydro- 
chloric acid as well as in pure water it dissolves readily. After the imction is finish ed 
the contents of the flajh: are allowed to cooL The liquid portion (strongly acid) is 
poured into a large beaker, and the oily mass dissolved in hot water, allowed to cool, 
and then poured into the strongly acid solution. This causes a precipitate, and water 
or hydrochloric acid is added in case either produce a further precipitate. The preci- 
pitated chloride is collected on a filter and washed with dilute hydrochloric acid (1 part 
acid, 9 parts venter) ; after washing, the precipitate is dissolved in water, and carbonate of 
sodium added in excess, in which the new base is soluble, but narcotine insoluble ; after 
filtering off any undecomposed narcotine, the solution is carefully neutralized with 
hydrochloric acid to precipitate the base, which becomes curdy on heating and may he 
filtered and washed with ease. After being well washed it is redissolved in hydro- 
chloric acid, and fractionally precipitated with carbonate of sodiiim. The first portion 
precipitated contained most of the colouring-matter ; the second portion was used for 
analysis. Dried at 100 ° C. in a Liebig’s drying tube, it gave the following results : — 

I. 0*3026 grm. gave 0*6766 carbonic acid and 0*1854 grm. water. 

II. 0*3400 gnn. gave 0*7488 carbonic acid and 0*1519 grm. water. 

III. 0*3698 grm. gave 0*8198 carbonic acid and 0*1594 grm. water. 

IV. 0-4290 grm. gave 0*9535 carbonic acid and 0-1900 grm« water. 

Y. 0*3660 grm. gave 0*8170 carbonic acid and 0*1690 grm. water. 

VI. 0*5168 grm. gave 0*1218 platinum. 

YII. 0*6024 grm. gave 0*1422 platinum. 

Calculated. Found. Mean. 



240 60*91 60*98 60*06 60*46 60*62 60*88 60*60 

H 20 20 5*08 4*97 4*96 4*79 5*15 5*13 5*00 

N ..... 14 3*55 3*34 3*36 3*36 

C^HigKOj, |aq. ^4 100*00 

* From two to ms days are required for tiie completion of toe reaction ; it appem-s tliat toe toe < pa.n - 
ti-ttos employed the shorter the time necessary for conversion. In an experiment made with the above quanfi- 
ties, the whole of the narcotine -was converted into the new base in three days ({. «. in about fcwenty-fefiff horoh 
whereas in another e^eriment made wito 50 ^nns. narcotme and 250 cob. « 3 ®tttons. %dK>tol<s^ Q® time 
i^uired was sox days. - 
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^ V 

I. aad II. were of the same preparation, HI., IF., F. w©re of differmit prepa- 
m^ns. 

For reasons which will be clear fi:om what follows, we haye called the base methyl- 
ncmarcotme. When freshly precipitated it fonns an almost white amorphous powder, 
insoluble in water and ether, slightly soluble in alcohol,, and easily soluble in carbonate 
of sodium, by which means it may be separated from narcotine. 

Mone of its salts fonn crystalline compounds (the chloride, sulphate, and nitrate have 
h^B tried). 

On determining the amount of chlorine and sulphuric acid in the chloride and sul- 
phate, frm followii^ results were obtained : — 

1*731 grm. chloride gave 0*594 grm. chloride of silver. 


Calculated. Pouad. 

Chlorine per cent. 

C2oH, 9N07, HCl . . . 8*42 8*48. 

0*4235 grm. sulphate gave 0*1132 grm. sulphate of barium. 

Calculated. Found. 

80 ^ per cent. 

2(C2oHij)N07)S04 . . 11*31 11*22. 


The chicaijtte was prepared as follows : the base was dissolved in strong hydrochloric 
acid aM fradicg^lly precipitated by water, the middle portion collected, washed with 
dilute hydrcKiiloiMj acid, and dried over sulphuric acid and lime, before drying it in the 
w-dter-lmth. 

The chloride must not be washed with pure water, as it converts it immediately into a 
sticky mass. 

The sulphate was precipitated by dissolving the base in sulphuric acid (one part acid, 
three parts water) and pouring the solution into water, collecting the precipitated sul- 
phate and washing with water, redissolving the precipitate in hot water, and collecting 
the sulphate as it separates out in different portions. Like the chloride it must be first 
dried over maipfeiafe acid, and then in a water-bath. 

It may ^ m ’«il to mention that in the further prosecution of this research, one 
of us has «^feined two more bases from narcotine. The one by digesting it for 

a short time wil& Jbydrochloric acid, and the other as indicated in our former paper 
(p. 303), by i^fen of hydriodic acid on it. The reactions may he written — 

L C22H23TOj4-Ha=:C2iH2iN07+CH3Cl. 

II. C22H23NOy+2HCl=C2oHi9NO;+2CH3Cl. 

IIL C 22 H 23 NO 7 + 3 HI 

Hie preparations and properties of two of these bases (I., III.) will form the subject 
of a future communication. 
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We proper ,lo eall tlieffl es follows : — 

L nomarcotine. 

* tt. methyl-nornarcotine. 

in. €21 Hg| KOy, dimethyl-nornarcotme 

I¥. C 22 H 23 NO 7 , trimethyl-nornarcotine (or ordinary narcotine). 

It n^d liardly be mentioned that endeavours will be made to reform ordinary narco- 
tine from the above derivatives, and to make ethylated narcotine, as the decomposition 
of this substance may lead to the formation of ethyl-opianic add, and a series of adds 
homologous to those described in this paper. 

In conclusion we have much pleasure in thanking Messrs. Magpaelane and Co. of 
Edinburgh, for their liberality in presenting us with a large quantity of pure narcotine 
with which the experiments above described were carried out. 

6 . On the Crystalline Forms of some of the abommentioned substance. 

By Professor Victor v. Lai^g. 

(a) Acid derived from meconin, Cg Hg O 4 . 

System monoclinic ; — 

«:fc2*r864:l, 

Observed forms: — 

(1 (0 0 

1 1 0, 1 1 0 = 49 66 observed. 

110,001 = 78 20 

Ike observed forms do not completely determine the crystallographic elements. The 
crystals are perfectly cleavable, parallel to the plane (0 0 1 ). 

{h) Acid derived by the actionof nitric acid on the hypogallic acid, Cg Hg Ng Og, Hg O. 

System monoclinic : — 

a:b: c=l*0122 : 1 : 0*7156, 

^=104° 

Observed forms : — 


(0 01 ), ( 110 ), ( 111 ). 




Calculated. 

Observed. 

110, 

110 

= 88 08 

0 

1 

110, 

IlO 

= 91 2 

*91 

2 

110, 

001 

0 

QO 

II 

*80 

4 

111 , 

001 

= 49 40 

49 

38 

Til, 

III 

= 66 40 

*65 

40 


Oeavage very perfect, pamHei to the planes (1 1 0 ). 
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(c) Hemipinic acid, Og, HO.. 

System monoclimc : — 


Observed forms: — 


a: ^:e=2-5210: 1:2-9597, 
«e=92° 40'. 

{10 0 ), (0 01 ), ( 101 ), ( 112 ). 




Calculated, 

Observed. 

100, 001 

= 

87 20 

87 30 

101, 100 

= 

30 18 


101, 001 

= 

48 2 

48 2 

112, 100 

= 

71 10 


112, T12 


79 20 

79 20 

112, 001 


56 20 

56 20 

112, 101 

= 

52 42 

52 42 


Cleavage perfect, parallel (0 01). 



(<?) Hemipinic acid, CjoHioO^, H^O. 

System monoclinic : — 

<z:^:c=0-5407:l: 1-2620, 
ac=97° 42'. 

Observed forms : — 


(0 01 ), ( 110 ), ( 011 ), (2 2 5 ), (2 2 7 ). 




Calculated, 

Observed. 

1 1 0, 0 1 G 

= 

61 49 

•61 49 

110 , ilo 

i= 

56 22 


oil, 010 

=r 

38 40 

*38 40 

oil, 001 

= 

51 20 


110, 001 

= 

83 13 


110 , oil 

= 

63 44 

63 28 

225, 010 

z=: 

68 33 


225, 001 

= 

50 14 


226,110 

== 

46 28 

46 24 

227, 010 

= 

72 23 


227, 001 

=: 

39 30 


227, 110 

=5 

58 12 

58 40 

IlO, 001 


96 47 

♦90 47 
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Gardens. Svo. Hobart Town 1865. 

Kazan : — Imperial Russian Eniversity. Outehonia Zapiski (Scientific Papers), 
1863, Parts 1 & 2 ; 1864, Parts 1 & 2 ; 1865, Parts 1-5; 1863 re^T> 
Parts 1 & 2. Svo. 4to. Kazan. 

Kiel : — Schriften der Enivemtat, aus dem Jahre 1865. Band XII. 4to. Kiel 
1866. 

KolozsVM’tt : — ^Az Erdelyi Muzeum-Egylet Evkbnyvei. Xegyedik Kotet, elsd 
Fiizet. 4to, KolozsvdrU 1867. 

La Haye ; — Archives Xeerlandaises des Sciences Exaetes et Xaturelles, publieea 
par la Societe Hollandaise des Sciences a Harlem. Tome I. livraisons 1 -4. 
Svo. La Wage 1866. 

Lausanne: — Bulletin de la Societe Yaudoise des Sciences Xaturelies, Yol. 
IX. Xos. 54—56. Svo. Lausanne 1866. 

Leeds: — ^Geological and Polytechnic Society of the West Biding of Yorkshire. 
Report of Proceedings, 1865-66. Svo, Leeds 1867. 


The Academy. ^ 
The Society. 

The Institute. 
The Society. 

The Society. 

The Observatoiy. 

The Institute. 

The Enion, 

The Enion. 

The Society, 


The Enivereitj’. 

The Eiiiversity 
The Museum. 
The Society. 

The Society. 
The Society. 
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PBESEjnrs. 

ACADEMIES and SOCIETIES {continued). 

Leeds: — PMlosophioal and Literaiy Society. Animal Eeport for 1865-66. 
8to. Leeds 1866. 

Leipzig : — 

AbhEmdliingen der Kdnigl. Sachsischen Gesellschaft der Wiasensehaften. 
Math.-Phys. Claase, Band VIII. Nos. 2, 3 ; Phil. -Hist. Classe, Band Y. 
No. 2. 8vo. Leipzig 1866. 

Beiichte uber die Terhandlungen. Matb.-Phys. Classe, 1865, 1866. Pliil.- 
Hist. Classe 1865, 1866. 8vo. Leipzig 1866, 

Preisscbriften gekrbntund herausgegebenvon derEiirstlicb Jablonowski'schen 
Gesellschaft. XII. 8vo. Leipzig 1867. 

Publicationen der Astronomischen Gesellschaft. 1, 2, 5. 4to. Leipzig 
1865-66. 

liege : — Me'moires de la Soeiete des Sciences. Tomes XIX., XX. 8vo. Liege 
1866. 

Liverpool; — Historic Society of Lancashire and Cheshire. Transactions. 

New Series. Tol. T. Svo. Liverpool 1865. 

London : — 

Anthropological Society. Memoirs, 1863-64, 1865-66. Yols. I., II. Svo. 
London 1865—66. 

The Anthropological Review. Nos. 15, 16. Svo. 

London 1866-67. 

Introduction to Anthropology, by Dr. T. Waitz, 

edited by J. F. CoUingwood. Yol. I. 8ro. London 1863. 

Lectures on Man, his place in Creation and in 

the History of the Earth, by Dr. C. Yogt, edited by J. Hunt. 8to. London 
1864. 

Xhe Plurality of the Human Race, by G. Pouchet, 

translated and edited by H. J. C. Beavan. Svo. London 1864. 

Xhe Anthropological Treatises of J. F. Blumen- 

bach, with Memoirs of him by Marx and Flourens, translated and edited 
by T. Bendyshe. Svo. London 1865. 

Lake Habitations and Pre-historic Remains in 

the Turbaries and Marl-beds of Northern and Central Italy, by B. Gas- 
taldi, translated and edited by C. H. Chambers. Svo. London 1865. 

Art Union. Thirtieth Annual Report. Svo. London 1866. 

British Association. Report of the Thirty-fifth Meeting, held at Birmingham 
in September 1865. Svo. London 1866, 

British Horological Institute. The Horological Journal. Nos. 95-101, 103- 
106. Svo. London 1866-67. 

British Museum. Catalogue of the Fishes in the British Museum, by A. 
Giinther. Yol. YI. Svo. London 1866. 

List of the Specimens of Lepidopterons Insects in the 

Collecticm of the British Museum, by F. Walker. Part 35. Supplement, 
Part 5. Svo. London 1866. 

— — List of the Specimens of Birds, by G. R. Gray. Part 5, 

GailinaB. 12mo. London 1867. 

Index to the Collection of Minerals. Svo. Lmdon 1866. 


Dohoks. 
The Society, 

The Society. 


The Society. 
The Society. 
The Society. 
The Society. 

The Society. 


The Art Union 
The Association. 

The Society. 

The Trustees of the 
British Museum. 
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Peesents. 

ACADEMIES and SOCIETIES (eontinteecT). 

London : — 

British Museum, A Guide tx> the Colleetion of Minerals. 8to. London 

186a. 

Catalogue of the Collection of Meteorites. 8vo. London 

1866. 

A Guide to the Exhibition Booms of the Departments of 

Katural History and Antiquities, 8to. L<y»don 1866. 

A Guide to the Autograph Letters, Manuscripts, Original 

Charters. 8vo. London 1866. 

Catalogue of the Hebrew Books in the Library, 8to. 

London 1867. 

Chemical Society. Journal. Series 2. Vol. lY. July to December 1866 j 
Yol. Y, January to June 1866. 8vo. London. 

Entomological Society. Transactions. Third Series. YoL III. Part 3 ; 

Yol. T. Parts 3-5. 8to. London 1866-67. 

Geological Society. Quarterly Journal. Hos. 87-90. 8vo. XowJon 1866-67. 

List of Membere, Not. 1, 1866. 8vo. 

Institution of Civil Engineers. Minutes of Proceedings. Yols. XXIL, 
XXIIL, XXIV., XXY, 8vo. London 1863-66. 

Catalogue of the Library. Second Edition. 

Svo. London 1866. 

list of Members. Jan. 1, 1867. Svo. 

Institution of Hydronomical and Nautical Engineers. Published Papers. 
No. 5. 8vo. London 1867. 

linnean Society. Transactions. Yol. XXY, Part 2, 4to. London 1865. 

Joumfil. Yol. IX. Nos. 34, 35 (Zoologj'); Nos. 38, 39 

(Botanyl. Svo. London 1866-67. 

Mathematical Society. Proceedings. Nos. 1-8. YoL II. No. 9. Rules. 

List of Members. 8vo. Lond.on 1865-67. 

Meteorological Society. Proceedings. Yol, III. Nos. 26-31. Svo. LomLn 
1866-67. 

National Association for the Promotion of Social Science. Transactions, 
Sheffield Meeting, 1865, edited by G. W. Hastings. Svo. London 1866. 
Pathologieal Society. Transactions. Yol. XYII. Svo. London 1866. 
Philological Society, Proceedings, 1 S42-53, 6voIs. Svo. London 1S4Q-L4 l. 

Transactions, 1854-64. 9 vols. Svo. London. 

Photographic Society. The Photographic Journal. Nos. 171-182. Svo. 
London 1866—67. 

Royal Agricultural Society. Journal. Second Series. Yol. II. Part 2 ; 

Yol. Ill, Part 1. Svo. London 1866-67. 

Royal Asiatic Society. Journal. New Series. Yol. II. Part 2. Svo. 

1866. 

Royal Astronomical Society. Memoirs. Yol. XXXIY, 4to, London 1866. 

Monthly Notices. Yol. XXYI. No. 8; Yol. 

XXYII, Nos. 1-7. Svo. London 1866-67. 

Royal College of Surgeons. Calendar. Svo. London 1866. 

Royal Geographical Society. Proceedings, Yol. X. Nos. 4, 5, 6 j Yol. XI. 
Nos. 1, 2. Svo. London 1866-67. 


DoiroRs. 

The Trustees of the 
British Museum. 


The Society. 
The (Society. 
The Society. 
The Institution. 


The Institution. 
The Society. 

The Society. 

The Society. 

The Association. 

The Society. 

The Society. 

The Society. 

The Soeietj'. 

The Society, 

The Society. 

The College. 

The Society. 
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PujESEISm. 

ACADEMIES and SOCIETIES (eontinmd). 

London : — 

Royal Horticultural Society. Journal. New Series. Vol. I. Parts 3, 4. 
8vo, London 1866-67. 

Proceedings. Vol. I. Nos. 6-7. 8 to. London 

1866-67. 

Royal Institute of Biitisli Architects. Sessional Papers, 1866-67. Part 1. 
Nos. 1-4; Part 2. Nos. 1-6 ; Part 3. Nos. 1, 3-4. 4to. London. 

Catalogue. Paris Exhibition, 1867. 

Royal Institution. Proceedings. Vol. IV. Part 8 ; Vol. V. Part 1. 8vo. 
London 1866—67. 

List of the Members, Officers, and Professors, 1866, 

Royal Medical and Chirurgical Society. Medico- Chirurgieal Transactiens. 
Vol. XLIX. 8vo. London 1866. 

Proceedings. Vol, V. Nos. 5-7. 

8vo. London 1866-67. 

Royal Society of Literature. Transactions. Second Series. Vol. VIII. 
Part 3. 8 to. Lo'ndon 1866. 

Royal United Service Institution. Journal. Vol. X. Nos. 38-42. 8vo. 
London 1866-67. 

Catalogue of the Library. 8vo. London 

1865. 

Saint Bartholomew’s Hospital Reports. Vol. II. 8vo. London 1866. 
Society of Antiquaries, Archseologia, or Miscellaneous Tracts relating to 
Antiquity. Vol. XL. Part 1. 4to. London 1866. 

Proceedings. Second Series. Vol. II. No. 7 ; Voh 

III. Nos. 1, 2. List, April 23, 1866. 8vo. Lo'ndon 1864-65. 

Catalogue of a Collection of Printed Broadsides in 

the possession of the Society of Antiquaries, by R. Lemon. 8 to. London 

1866. 

Society of Arts. Journal. July to December 1866 ; January to June 1867. 
8vo. London. 

University College. Calendar, Session 1866-67. 8vo. London 1866. 
University of London. Calendar for the year 1867. 8vo. London. 

VT ar Office Library. Index to the several Articles in Periodical Publications. 
Nos. 1-5. 4to. London 1867- 

Zoological Society, Transactions. Vol. V, Part 5. 4to. LoncZon 1866. 

Proceedings of the Scientific Meetings for the year 

1865. 3 Parts, 8vo. London, 

Manchester : — 

Literary and Philosophical Society. Memoirs. Third Series. Vol. II. 8vo. 
London 1S65, 

Proceedings. Vols. III., IV, 8vo. 

Manchester 1864-65. 

Mauritius ; — 

Meteorological Society. Proceeding and Transactions. Vol. VI. 8vo. 
Mauritius 1864. 


Doxons. 


The Society. 


The Institute. 


The Institution. 


The Society. 


The Society. 

The Institution. 


The Hospital. 
The Society. 


The Society. 

The College. 
The University. 
The War Office. 

The Society. 


The Society. 


The Society. 


Proceedings. 8vo. Mauritivs 1866. 



[ 9 ] 

PurSEXTS. 

ACADEMIES and SOCIETIES {continued). 

Mulboiimo: — Eoyul Sncioty of Victoria. Transactions and Proceedings. Y ol&. 
VI., VIL 8vo. Melhovrne 1865-t>(>. 

Milan : — 

Meraoric del Ileale Istituto Lombardo di Scienze t* Lcttere. Classe di 
Seienzc Matcniatiche c Xaturali : Vol. X fase. 2. Classe di IjCttere e 
Scienze Morali c Politiche: Vol. X. fasc. 2. 4to. JdUftao 1865. 

Keiidiconti. Classe di Seicnzo Matematiehe e Xaturjili : Vol. II. fasc. .‘J-S. 
Classe di Lottere e Scienze Morali e l‘olitiche ; Vol. II. fasc. 3-7. Sulenni 
.\dunanzo : Vol. I. fwiC. 2. S\o. M/huio l'^(>5. 

Montreal — 

(Jeological Survey of Canada. Hcport of Progress from its commencement 
to ]'^<i3. Atlas of Maps and Sections. 8vo. Jlontceal ]8()5. 

M'tiill I'liiversitj Calendar and Examination Papers, 8vo. 

Monuynl 1''06. 

Xattiral History Soeiotv. The Canadian Xaniralist and Geologist. Xeyr 
N'rK ". Vol. II. Xo. 6. 8vo. Montcifil l8t»5. 

MosmI^ , - 

Mu-sf'e. Co])ies Photographiees des Miniatures dcs Manuscrits Gives con- 
si r\'< s a Moscon. I'eiixitme livraison. fol. Afos-ou 3803. 

iJulletih <ie la Societe Tmperiale des Xaturalistes. Annee 1SG5. Xos 3. 4; 
l-sGO. 1 & 2. 8vo. AIokcou 180.5-00. 

Munich — 

Abliandlungt i‘ dor Pbilosojihihfb-PbilologiHclien Classe der K. Bayerisdicn 
Akadcimc der Wisscnsdialten : Band X. Abth. 3 : Band XI Abth. 1 . Ito. 
Muiichdi IhtiO. 

Abhandlunircn derllistori-iclien Clas.se: BandX. Abth. 2. 4to. 3i<f/i./V}tl800. 

Sitzungsbcnclite : 1800>, I., Hefte 3-4: 1800, II., Hette 1-4. 8vj, 
Munih'n I^<>0. 

B(‘itra 2 <. zur Gicsiliuhte der Wegilitben Aarber, herausgegeben von Marcus 
Joseph Muller, I. Heft. 8vo. Ahniilun I'^OO. 

Die Gottesurtheile der Jndier: llede von E. Sclilagintwcit. A-xo. Menchi u 
18 (» 0 . 

Die Eutwicklung der I deen in der Xatunvi&sensehuft: Rede von J. von Liebig. 
4to. Munchen 1800. 

Die Bedentung modemer GradmcNsungen ; Vortrag von C. M. Buuemfoind. 
4to. Alviiehen ISOO. 

Die Arabihchen Handsehriften der K. Hof- imd Staatsbibliotliek in 
Muenchen. beschrieben von J. Aumer. 8vo. JluiuJiCit 18G(>. 

Die Per'ischeu Handsehriften . . , besclirieben von J. Aumer. 8vo. 

Al'inc/itn 1800, 

Die Dcutschen Handsehriften . . . nach J. A. Schmellcr's kurzerem VtT- 
zeichniss. Theill,2. 8vo. J/itm7icn 1806. 

Ueber die Vcrschicdenhoit in der 8chadeibildung des Gorilla, Chimpanse nnd 
Orang-Outang vorzuglich nach Gosehlecht und Alter, nebst einer Bemer- 
kung uber die Darwin’sche Theorie von T, L. Bischoff. 4to. and Plates, 
fol. Munchen 1807. 

MDCCCLXVII. b 


Doxois-. 
The Society. 

The Institute. 


Sir Wni Logan. P.ll.8. 
The University. 

The .‘society. 

The Museum. 

The Society. 

The Academy. 
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PoXORS. 


PrE'sEXTS. 

ACADEMIES and SOCIETIES {contintieiVu 
Xeuehiitel: — Bulletin de la Soiiete dei> Sciences XaturcUes. Tome VII. 
deuxioTue cahier. Svo. NtiuhUd iSdO. 

Xewcabtle-upon-TYne. — Xorth of England Institute of Mining Engineers, 
Transactions. Vol. XV. Svo. Ktiveasile 1^00. 

Xcw York : — 

Lyceum of Xatural History. Annals. Tol. VIII. Xos. 4-10. 8vo. Xeiv 
ToA ISO.l-OO. 

Documents of tlie T.S. Sanitary Commisbiou. Xos. 1-05. '2 rols. 8vo. 
Xew Vorl 1800. 

Bulletin, 1803-05. Svo. Xeiv Fori 1800. 

Xorthumberland and Durham Xatural History Transactions. Vol. I. Part '2. 
Svo. XfU’C<fStJe-lfpO»f-Tifni i.''00. 

Xottingham . — British Pharmaceutical Conference. Proteedings at the Tliiid 
.\jinual Meeting. Svo. LonJoii 1 800. 

Palermo — Ciornale di Scieii/e Xaturali ed Economiche pnhblicato per cura 
del Consiglio di Perfczionamcnto aimesso al ll.Istituto Tocnico. Vol. 1. 
fuse. 3 & 4. Ito. Pitlcnno 1S(J0. 

I’aris ; — 

Academic des Sciences. Comptos Bendus. June to December ISfJO, 

January to June 18(17. Tome LXII. Table de.s Matieres. 4to. 
Paris, 

Table Alphabetiqne et Analytique des Matieres 

. , . 1840 a 180.5. Svo. Partb 1805. 

Compte-Bendu des Travanx dc lu Commission des Monuments et Documents 
Historiqueb ct dos Batim^'nts(l\ilb du Dopartement de la Gironde jiendaiit 
les exercices de 1 8(JiJ a 1 804. bvo. Paris 1 805. 

Anuales de» Mines. Sixiemo scric. Tome IX. livraisons 2-3 ; Tome X. 
hvraisons 4-5. 8»ro. Paris 186*6. 

Ecole Xomialc Supericure. Anii.iles Scieiitifiques. Tome Til. Xos. 3-6 ; 

Tome IV. Xo, 1. 4to. Paris 1866-67, 

Societe d" Encouragement pour Plndustrie X'ationale. Bulletin. 2' seric. 
Tome XIII. May to December 1866; Tome XIV. January to Apnl 18«)7. 
4to. Pans. 

Societe Entomologique, Annales. Qnatrieme .'^cric. Tomc.s V., VI. Svo. 
Paris 186.5-67. 

Societe de Geographie. Bulletin. Juin-Dccembrc 1866, Janvier-Avril 
1867. Svo. Paris. 

Societe Geologiquc. Bulletin. Tome XXL feuillos 29—36. Tome XXIII. 
feuiUes 13-51 ; Tome XXIV. Xos. 1, 2. Svo. Paris 1S64-67. 
Philadelphia : — 

Academy of Xatural Sciences. Journal. Xew Series. Vol. VI. Part 1. 
4to. Philadelphia 1866. 

Proceedings, 1866. Xos. 1~5. Svo. Phila- 
delphia 1806. 

American Philosophical Society. Proceedings, Vol, X. Xo. 75. Svo. Phi- 
ladelphia 1866. 


The Society. 

The Institute. 

The Lyceum. 

The Comiui.sMon. 

The lyiieside Xaturall^t-' 
Club. 

The ('inference. 

The Institute. 

The Academy. 


The (.'ommission. 

L'Eeoh des Mmi“>. 
L'Eeoie Xorinuli'. 
The Society. 

The Socieiy. 

The Society. 

The Society, 

The Academy. 


The Society. 
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Doyofis. 


PKEhKKJS. 

ACADEMIES ajul SOCIETIES {conthmul). 

Philadelphia . — 

American Philosophical Society. Catalogue of the Library. Part 2. Svo. The Society. 

Philddi-lphia ISGf). 

Franklin Institute. Journal. ToIb. LXXXI., LXXXII., LXXXIII., Xo-^. The Institute. 

1—4. bvo. Philoddyliia lbfj(>-f)7. 

Home ; — 

Atti deU' Accademia Pontificia do’ Xuovi Liiicei. Anno Til. Sessione (5 del The Academy, 

Agosto 1 s.j 4 ; Anno XTllI, Sessione 1-8 , Anno XIX. Ses.sione 1-7. 

4to. Rotm ] b05-t57. 

BuUfttino Mct<*'»rologico dc'U’ Osservatorio ded CoUegio llomano. Tol. V. Th'* College. 

Xos. 11, 1:1 ; Ir ol. TI, Xo.s. Sj 4. 4to. jKoiu't lS(;fj-tj7. 

Rotterdam. — Rataaff-eh < ionootschaji der Procfondervindelijke Wijshegeorte, The Society. 

Xiemvo Vcrhaudelingeu, Deed XII. Stuk2. 3. 4to. livde.-fhun lx}.'}. 

St. Louis; — Academy of Science. Txan.saetions. Tol. II. Xo. 2. 8vf). .S’f. Louis The Academy. 

I''i5d. 

bt. Petersburg ; — 

Meinoircs do T Academic TmpcWlo des Scien<-es TIP sme. Tome IX. The Academy, 

Xos, 1-7 ; Tome X, Xos. ], 2. 4to, AV. PtHenhounj Ibbo-tJO. 

Bull' ’tin. Tome IX. Xos. 1—4, 4to. PiU edtuu^'fj Ibdd 

Jahresbc-richt am D>. 3lai IbO.) dem Comite der Xicolai-Hduptstcrnu-arte. Tlie Olcscrvatoiy. 

.•syo. tSf. Pif< rshidYf 

Uelwi’sjcht dt*r Thntigkeit der Xicolai-Hauidstemwarte •vruhrend der ersten 

2o J.dire ihres Bestchen.s, uasammengosteUt von D. Struve. 4tu, Si. P it /•,«?- 
hu,t/ 1S().5. 

MOPCKOU CBOPUHK'L (Marine Collections). 18dt5. Xos. d-12 ; 18d7. The Compass Oh,senMten-. 
Xo-^. J , 2, 3. 7). bvo. Cronstadt. 

Salem: — Essex lu-ditute. Proceedings. Tol.IT, Xos. 1-6. S: Tol. T. Xo. 1. The ln‘!tituto. 

8ro. Sedfu* lb64-()(}, 

Salford . — 

Eighteenth Annual Report of the Royal Free Museum, library, aud Peel The Committee. 

Paik, IbOo-fiO. Svo. Sul ford. 

Xinth Annual Rcjjort of the Council of the .balford IVorlang Men's CoILegt^. The College. 

8vo. Sul turd lb67. 

San Frauciseo : — Californian Academy of Xatural Science. Proceedings. The Academy. 

Sheets 4-8. bvo. 1860-61. 

Toronto: — Canadian Institute. The Caiiatlian Journal of Indu.sm% Science. The In<titutc. 
and Art. Xob. 63, 64. 8vo. Toronto 1866-67. 

Turin : — Bollettino Meteorologico dell’ Osservatorio Astronomico deR' Univer- The Observ.itory. 

sita. Jan. to June. 4to, Torhio 1 866. 

Upsal : — 

Xova Acta Regim Societatis Scientiarum Upsalieorfs, Scriei tertioe Tol. TI. The Society, 
fasciculus prior. 4to. Upmlhe 1 866. 

L'paala Uuiversitets Arskiift 1865. 8vo. 1865. The rniversity. 

Utrecht ; — 

Koniiiklijk Xederlandsch Meteorologisch Instituut. Mcteorologisch Jaar- The Institute, 
book IbO.j. 2 parts, 4to. Utrecht 1866. 


b2 
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Donors. 


Presents. 

AC-U)E1IIES and SOCIETIES (^eontmued). 

Utrecht; — Jaarlijksch Terslag betrekkelijk der verpleging en ’t onderwijs in 
het Nedorlandsch Gasthtds voor Ooglijders, nitgebragt door F. C. Bonders. 
1—6. 8vo. Utrecht 1860-64. 

Venice: — 

Memorie dell’ I. K. Istituto Teneto di Scionze, Lettere ed Arti. Vol. XII. 

parte 3; Yol. XIII. parte 1, 4to. Venezia 1866-67. 

Atti. Serie terza. TomoXI. disp. 5-10 ; Tomo XII. disp. 1-3. Svo. Vetuzia 

1865- 67. 

Vienna : — 

Denkschriften der Kaiserlichen Akademie der Wissenschaften. ilathema- 
tisch-Naturwissenehaftliehe Classe. Band XXY. 4to. yVien 1866. 
Philosophisch-Historischen Classe. llegister zu den Bauden I.-XIY. 1. 1866. 
Sitzimgsberiehte. Mathematisch-Xaturwisseuschaftliche Classe, Erste 
Abtheilung : Band LII. Hefte 3-5 ; Band UlI. Hefte 1-5 ; Band LIV. 
Hefte 1-3. Zweite Abtheilung: Band LII. Hefte 4-5; Band LIII. 
Hefte 1-5 ; Band LIY. Hefte 1-4. Philosophisch-Historische Classe ; 
Band LI. Hefte 2 & 3; Band UI. Hefte 1-4 ; Band LIII. Hefte 1-3. 
Ahnanach, 1866. Svo. Wien 1866-67. 

Anzeiger. 1866, Xr. 15-20, 22-28 ; 1867, Xr. 1-5, 8-11, 13-15. 8to. 
Wien 1866—67. 

Kcise der OesterroichLschen Fregatte Xovara um die Erde. Linguistischer 
Theil, von Friedrich Muller. 4to. Wien 1867. 

Geographischen GeseUschaft. Mittheilungen. Jahrgang YIII. Heft 2 ; 
Jahrgang IX. Svo. Wien 1864-65. 

Geologischen Reichsanstalt. Jahrbueh. 1865, Band XY. Xr. 4 ; 1866, 
Band XYI. Xr. 1-4. 8vo. Wien. 

Oesterreiehiischen GeseUschaft fur Meteorologie. Zeit'^ehrift, redigirt von 
C. Jelinek und J. Hann, Band 1. Xr. 1-24. Svo. Wien 1866. 
Zoologisch-Botanischen GeseUschaft. Yerluuidlnngen. 1865, Band XY. ; 

1866, Band XYI. Svo. Wien 1865-66. 

Zoologische MisceUen, von Georg Bitter von Frauenfeld. 4, 5, 6. Svo. 
Wien 1865. 

Xachtrage znr Flora von Xieder-Oesterreich von Dr. A. Xeilrich. Svo. 
Wf 671 1866. 

Contribuzione pella Fauna dei MoUuschi Dalmati, per S. Bnisina. Svo. 
Vienna 1866. 

Washington ; — Smithsonian Institution. Annual Beport of the Board of 
Begents . . for the jear 1864. Svo. JVashi/Ojrton 1865. 

Wiirzburg ; — 

Wnrzburger XuturwissenschaftlicheZeitschriftjherausgegeben von derPhy- 
sikalisch-Medicinischen GeseUschaft. Band YI. Hefte 2, 3. Svo. Witrz- 
hurg 1866. 

Wurzburger Medieinische Zeitschrift. Band YII. Hefte 1-3. Svo. Wkrzhurg 

1866- 67. 

ABAMSOX (J.) First Beport of the Meteorolc^cal Commission, Cape of Good 
Hope, adopted 7 th July 1862, and Minority Provisioual Beport for 1864. fol. 


The Hospital. 


The Institute. 


The Academy. 


The Society. 
The Institute. 
The Society. 
The Society. 


The Institution. 


The Society. 


The Commission. 
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Peesejtts. 

AIRY (G. B., F.li.S.) Astronomical and Magnetical, and Meteorological Obser- 
vations made at the Itoyal Observatory, Greenvidch, in the year 1864. 4to, 
Londoa 1866. 

Elementary Treatise on Partial Differential Equa- 
tions, 8vo. London 1866. 

ALFONSO X, BE CASTILIA. libros del Saber de Astronomia, Copilados, 
Anotados y Comentados por Don Manuel Rico y Sinobas. Tomo lY, fol. 
Madnd 1 8()6. 

ANONYMOrS.— 

Almanach dcr OcsttTreichischen Kriegs- Marine fur das Jalir 1867. Seebster 
Jahrgang. l:2mo. Triestf 18<57. 

Almanacpie Naiitico para 1S68, calculado dc Orden de S. M. en el Obscrvatorio 
de Manna de la Ciudad dc San Fernando. 8vo. Cadiz 1866. 
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Statistical, Sanitary, and Medical Reports of the Army Medical Department. 
Yol. YI. for the year 1864. 8vo. London 1866. 

Statistique dc la France. Deuxiemc serie. Tome XIY. Statistique des 
Asiles d’Alienes de 1854 a 3860. 4lo. Strasfmuy 1865. 

Sveriges Geologiska Undersokning pa offenthg bekostnad utford, under ledning 
af A. Erdmann. Svo. StockhoLn 1S6C} . and Maps. 
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